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Qm asthar atohM to otp^aa hlo atoawa gmtltatfa to
fxafoaaar B* Ma^lth for tha latoMat ho hao shorn 1m tho
gaooimt tovoot^attO<mi to Mr* ttorrta tw hla outomMa
Mil threiwflmnt tho caaatmt oaA, to Uaoooa.
1.0»I> (tthrna) Mt fwr tho oawtam aid ea-agaoatlm to
b«*pVi*'or oat proeQaatog tho yaaoa mood to tho paaaamt
ato4gr
Omako arc Om dm to Xkr I. laaaaak* Br. B.M. ttd«ot
te. J. Fangioim aad Mr. B. Qwl ah ft# thato hi*. mat to all
aolloagaae Aw thato AtiaaiiHjr aa»apaaat1^ at all ttooa.
Flatly, tho orthoo la ladahtad to 1.0.1. (Ftocaa)






















with tho latwodwticw ef hulhod aorthhOlo fomn# imraoOt&aOiano
into the dloonOiMMl propHrtlm ef plata fhhriLee heltted fm thorn
feme have ham node ond # oortoLB mount ef iofomatlm efrtolaort.
Im the paoamt oooU am nttmpt he# ham mid) to attend that imwotligMloa 
to the 1xl nib etimotomn which la o&dtim to hotaf of omoldnmbln
oommrpOil iogortonoot la aloe the haale kmtted othhod otmotivro'
for fhhMoo kmtted fern hulked it la mt omffelmt
the* thtf ehould ha omf dim^f^^«nUf 1X1*11 hut that they ehoold
porooro aloe the pnopaOlM ef noon ef etttomhllltf ond onhooqum
moovaier fern that oatmMm* TMrMrenn» the «ook me deelgnod no
m to aonoo the hared oopnOt ef the jnnymtim end penfoaoMoe of fib
fahelm#
Th float port of thia thooLo in coacmM with tho
dlomoloiool pvqpotlm of 1 x 1 rib moreei rharma the inoond pert
deale eith the loori-etmm ood olaetle rnnnnatf ohorinMtrMatloin of
thorn fohttia# A! tho fahiLLm med lm thio voxk earn knitted m a
fmvrnnaL Faerr flat noahlmi rlthmt naployloi oaf pMObivo fording
dnOLoa* fhn laflumoo ef mr^mo fern ond noOkiM mnmtiLeo moh
m form deolorr# ormp rigidity# Miami dealer# mthod of yorn
hmhloa ond oltimtlm of otltah om oottmg oa the dlamalmol ond
olaMtle xooKrnay yrojpMtloe ef 1 a 1 rib fhhrtee have bam mrrontlgatid• 
The oork lo noornmad vlth the projpntlm of fahrloo hutted fom
bulked axiom f^amo ohloh onre prooerood hf foleo taint erliqdog ond
Ui)
staUffer box NlHrng rottboli. The inflmnac of thro© relaxation 
processes, stwon relaxation, wit relaxation and dzy tumbling, upon 
the dinsinloml statolity of fabrics has been investigated.
A detailed ocoweme* boo been mOlt af tha onrluo* 
oethedo eB aconoriog yam oollopoiog proportion of the balked yeas* 
■nod la this cask* isploomtiano have beta glee* for different
roomto obtained ahem the asceenraiooOte sera Mate to air after the 
yams rare given xutoxotlen treotMuMo and thona abtoinod shea tha 
nsoewrcomio rare male to entor by the standard HdUTJUUU oniop 
rigidity teat.
The yam oollepaian lusulte have been oempnroi with the 
porfomonea of thaoo yarns Wen knitted iodo fabriea* lt has been
fcnsd that a noMbor ef mrthodo weed to thio rarfc for mooonlog yam 
ooU-apeing propuMce predict rcmosaeOby wU! the bOhorlanr o^ yams 
conpr^aed of lowr daOlcr filmmda Wan in fhhrlo foon, hot mo* 
of these methods oppeinr oOLtshle to predict tha parfomomaa of 
yam© enopooed of higher dunLur filirnento Wio knitted into fnhdoa. 
for cueh yomat tharufora, a method is reguirod to MMonora their 
ooHopntog pnoplOrticM Wloh would oosrelatM Wlh the 0461*1 ocllcpM 
of thooo yams to fohrle fom.
Then the gaoaetsy af ploin knitted foUries it io kmssn 
that tho length of yam to o Imp and tha nodes of loop© par wOd 
■run to the fhhrie oro tho predominant footers With affect tha
diamiOona of a fhlly ioloart faferlo. fbo offfaot of yam and taOLtMOg
variables oo the loop length aad atltah danOLIy af 1 a 1 rib fataLoe 
io diaaaaaad Lm the first port af thia theaia» ahioh alar deala 
Wth othar fahalo prop«rti^<M aaah m fahsia longth to With ratio, 
oiao ahviakaga, tMOiaeae, fahria balk aad fahria air paaMMfchttty 
aaacaraanata* tha limited wo of tha air pamaaMUty trnot aa a
Mooma af fohrla hMk la nfeanou
Xa oidai to oolcMma tha m^aMahlp hatMaa raloaod and 
monond otlteh length for 1 a l rlh ffchria, tha aom mathod hoa baaa 
med oa that for pUtM kMttad fahria and it ia obonwad that tha 
thaeay devolepad for tha lottar fohiia la olaa gaaamlly appXiaohXa 
to 1 o 1 rih fhhrla.
iMa tha ammaoarta af vmiam fobsia prepeTtlea, it hoa 
baaa foaM that diy tun Hog Mmaa arnriaoa aaHopam af tha fatela 
oad that otaaa rn1nuatnm ia aa ima/waito pmaaaa ia thia iaapedU 
tfwot aMigr ia itrntf daaa aa aaaa oopMile af omaiag ndagoata 
fOhiia ia^^i^aot^cro oad m naan, agitatam af tha fhbaio
dazing o rnliuatlca prannaa mana highly dealrnbla«
la tha oa^aad part af thia thaaln, rzplnoatlma how baaa 
offazad for tha dl^Teomnan obtoioad ia tha aXoatia rnoavasy aad 
lcad-atmim ahMrmntallalna af lohriM kMttad Aoa fOlaa teiat 
aziapad aad at^mr ham hamad aylao yanaa. It aor baaa nbeexvod
that ahaa tha faarIen aza fTlnirtad ky dgy twhliag, vmiona 
diffaranam auTh oa thaoa daa to tha ^athod af youa bMklag orn
(IT)
CmpariL omm hora ala* Umma *06© hotwooo lMod-■MlMULB. oM 
clastic raeovuBy ehoMsteuistlua of 1 n 1 rih fOhrioo ©ith thcca 
af the hOB aaoligaa atneottfra sod tha raoalto ahtuinud ora liucococl
tunoa of tho gcunttria orzornguseat af yom in thoaa fhh^ea. 
dsstio rouevasy dhonnUeoistlua of 1 s 1 rlh ood hOLB
oordign fhhrleo mod© Bn* roal yormo have hoon ceopovol with 
thou© ©htslnMA Bxo* Bshriuu pnlMced fhoa holkel ©ylum yarns cnd It 
ia Boncd that tha Bornur fohxica poocooo MopaOksr ruaovcoy paupurties • 
lt io cogpcutud thot the high BJObmuM sol tasciaool rigidities of 
mmOL Blhsuu JM rdstCm to theae af nyluM *oy hc roupaneCda Bop 
tha rnpaiov clastic ruoovcxy paBUrmonnc of rad BhhCiac. Thm©
B tho elastic recovery paopurtico of Bohrico *06c from hMhcd 
©ylc* ymsoo ora repaired to olaMMa theca ef Bshriaa *06© from rad 
yarns, tha psopNrtAoo oB tha hUlkaA iglom yam mart ha improved, 
either ky iuprcvins tho host© Blhru ^r^^^uu or by pralwclog n 
yarn otruutoro hurtng improved propMttlua, or by n codbinstliM oB 
boh.
 nm J
Mopgiia or 1 . i mi y^rna rmnca
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la the loot fifty yunxc theca have been moqy AuMLopucpto in 
ynrm prodoetion techmiqmce pustlmlmrly in tha flail af aaa-Mdo fihruo. 
VjmSou© typua ©B cytithdl© Biuret here hcun pueAuaol hcvlsg UBBuntog 
phyaleM nol ohumlml prapurtAeu. tymthUl© flhsue ©co nmully oaMLlMbl<
in tea yuan otatooi
(u) mu ooattoceua fXM*cnte» end (h) ©a ©tuple flhsuo.
to oteglc BCcn tha flhsuo *ty hu blended With won, eattw or
other ©tuple Been© ©nA opum cm tha aoollm wonted er oattm ©yet mo 
giving groOtur variety ©B yarns.
Permute eg fhhSLuu kULttel Ba* etapla flbra ymroo hurt tha 
licmduuMugu ©B pilling in plecee stacra tha germunt or fhhri© io 
aM>h<aital ta u ciMilog aotl<*. TM© pHlMg appuase a© ©mil bULla
or ohpa af flhsuo ©a tha eturfhca of thcca fhhrLcu, tha b<Lla or ncgu 
olhiertog mtm co to tho eusfCao of Babrio© psoAnaed from nylon ©nA 
Tunrlcmc Au© to tha grantor tensile otmngth oB theau fibre© oompusod 
to tha atrmgth oB woo fibres.
FlHtog isea not gunonOLly oppuos to Bhhrluu modi BSom 
©oatMaoae BIUmuMI yurno hat thoau fhhrleo luck mu* of tha 
profertis© of Bhhrluu pcelaocA BSo* otepLa fibre yarns, thcau 
propMftluu hciog hunALa, thermal isculctlun, artauturc hbsorptic* ©nA 
wear o^o^o^. Tmm hulked us texturcl yorno ©on hc ©aid to he tied
to Mta’o ouurah Bos u cMLtMhls ©mhUltwt© Bor ©topi© fibre yurne
t«
The hulking prooim inpn^n # pMunnoni ourt» loop or orlop 
to tho Individual fl^Hibooto, thooo ftluako la their xoloxod ototo 
hovlag tho ability to hulk aad otxotoh to px^ot<u*lAod oXtoiOt.
BULkod yumi hovo tho odvantogo that thgy do not have froo flkro 
oado to pdl out, xoll-up aad oamo piling* Bulkod ayloa yamo
axo mhxo opaqpa, hova a dlff^oxont oppaasaaoo and fool, axo ooraox,
■oxo aboarbant aad havo a bottor ooraXLag powox thon tho 
ooxxoapoodlag angular nylon fl]an«nt yamo. Xnur hulkod yamo havo
brldgrd tho gap ketoom tho too baalo typoo of yamo - ooatiouoon 
fllMMnt yamo and Mtapln flhxo yamo.
Tho idoa of mddfring oaBtlauouo flimunt nan-nodo yam 
ono mogMood by Utdooxidn oad othoro hot prodaurtion of throo yamo 
in goartlty om not otaxted until about 19)2. Siam that tlrn a
aunbox of mod^fLod fUmunt yamo havo boon Mnftkrtnd and a guide 
to otXMftafe and hulkod yamo hao boon publlohod by tho Hodooy and 
Allied Trade AlMooa&tloJ•
1.11 fttflaltttti f YlMf
la tho broodeot oona^, nay oonklmamn filuont yam 
ohloh dlffaxa fxom tho ualfom appolraaan ond rnmoth trotum 
noxrodly aMoaeLatnd Wth fllmmt yanm mgbt bo oallad a 
toxtuxod yam2.
3h oertah mount of occaticvesgy exists as to the meet 
definition ef the typ% of ysxn nee mode, hat sMoadLag to the 
Tortile Xnoettute Tecne and Dtfiition Canittn^ these at the 
preeent time siei
Bulked yorn
Tame vbioh have been tinted phreioiMLly er otamceSLly eo 
ae to have a notably greater apparent volmte or hoik esrfie^entLy 
etehle to WLthetand yam pcooeeeiLag teneione and the
faroee exerted on gsments during rnr»
Botei The inozeseed bulk ie obtained in one wrt-hod, for emm&e»
by the introdnetlcm ef randomly epaeed loepe into tho individual 
flOmente ef the yam
*Lilhy Tmi
1. Tarn m vhi<ht the a^ypsu^t density of the fHeamts ie
mueh lover than the veal derneLty'
tote# Bsoaplee aie aee*nede fibres vhieh are hollev along part
er all ef their length and fibieie vhieh have eroee-seetl<ml ehepee 
of each groes imegUlarlty that eleee packing ie inpo^teible'
2• Spaat yamet aide iom sta^e flbem ham^ig a hiiht doraete ef
ieeilimay.
Botei Saeh fibrne reslet the tviet inpoeed upon them daring 
piooessiag asd eo pioduoe s volem.neue yam, e.g. protein flhxee 
aoryllee'
4.
Yom male fm* ^oMo^p^o&io Aba, usually i* tho fom oB 
uootiflttoas BHo—its, vhloh lo osyShls of n pmnoooool dog*c of 
otsatoh sod sopll Mwwvwcy. Thus yropwty io ooMousmI m yarn
(having om or nero BiomoBta) ehloh ho© hcun eubjaatal to om 
sypinjurijote wnMhnnOloo af defaming, host-salting sol lavMLoplag
^aeotMonto.
BMto Lo Tho yamc ee pmluual *oy ole© hove n greater hMLh in tha 
■Mtaattdaud form.
Brto 2» lt 1© AoeirahLa to ho able ta llatMgaich hatiiiam tua 
brood eloeeee of strut eh yomo. fame «mo 
n) theau pmisoeA by ©rLMpiag sol
b) tham paAMed by tuiotmg sad h^-oe^tlng«
Tho Boseur ia o^os^^owd by aowu-lik© AoBuMiatlM 
ahuruoc in the luttas tha loBouniotlm la psoAnoeA by n oonjirnstion 
©B hwot-orttiog onl tviotMg.
Tho Iomm "Tosgoe yomo* onl "BaMtorgso yoma* om slue 
often naal Bor taiut otsatoh ©nA ©sLOpel atrotoh yomo 
meportlu©Ly»
BXrting actholo ©ith the asaeptlim aB ols-Jct tcntorlM 
om ooMBnwl to atflBleatlm© af tha Mon-Mode lhoMMrlLS^io 
oontMmwoe fllmcoiwt yomo* thwn# tha padwotirn oB tha ttMmmd
yomo LU not aB at—city oonBlncA to thaMojpUartla — orlola only.
5>
BouSL^ wy ywm ohiol* may b# a^ in a oo^^ oandLUoa soBh that 
tho aat U pocssaaut to osy ohoniMn* ox phySLoSL notion that tho 
yacs us? —laaatoB in ita mouSl uoagn eeald ho Mile into atxMtah 
ox bulkod yamo* Th# preeodara hum boon ohoon to ho paa^MLb^Ln 
oith ooHm or ooxatad yam4« Th^^Mxo, o^o it io tho
thommplasoic nsturn of meat M>nt!Mrtla fl»xo» ohiofe io o^^^oltod 
by tho toKwCXiUg praoossol, it io oppxOpXLa»n to tho offoot
of host on thnnMpL*Btia uauXlola in gornoixil and oo thaxMnplafltlo 
fJbxo# in p&xt^io^^.
i.u TMintnilMibi fmtftlm nf Bn^^l^Uhnt
Any M^ntanoo ohloh in oopM^ of boiMg xopoatodly 
softmod on heating oo that it osa bo ^ohspod by ns^Mimml
in its pAmalnlsnl fom io kaooa as thamqpUlrtln uStox^. 
Oa oooLjmg, It sots im vAaorax Wmp it bas boon nsusnd to sinuM, 
sod. if xohontod to n osltablo tampoxaurn it my bo fhxtbox 
shspod so xoqulmoL
Stay of tho oyMthoio fibrno axo thomoFlaetio and thoy 
gaasmlly softon nt higher t^^qp^s^^uxoa than thoy axo UAdly to bo 
MnbJMatad im thoix and«unao nnd thia aaablna thom to bo ho^tt-omt im 
nlthox ysxu fom or fabrlo foam* 1t i# thio property Mhloh uSkM 
tho syatth^Mln ftbxo# idoally sultod fox tho smsSfsoanBo of hont-nat 
hu^^ ysmo.
shorn oobMtsmoos undnxga ohoM*© of stsdn na hosting, sm#
4.
m hon solid to Xl'mld, ond liquid to vapour, ouoh oha&guo 
ave aoempaoled hr the intake of latent heat ond !q ohoip 
volumrtrlo ehsnse ond aie gentinOLly knees oa "First Ofle 
Trao40^i^e"«
Wth pelyMeapheaa oUtaSlaaoos, o shaip Melting polo! 
tem^t^l^^ie lbMlOIo, this helsg the teopeootttie at vhieh hath 
the solid ond liquid etstee eon exlirt, sod eoi^oe^p^o te the 
hieokdoen of the eryuial lottlee. When moo flhre fessing 
peLyoeev an eeooiderert, it is tosun that they on partially 
esyrtiillioe' sad thernfere thol> ooltmg polot io preeedad by 
o oeftontng ef the eutheisooe due to the mAttug ef the son- 
1X^*11111 xegieos' It is thenfero o nomvoi pooetiee to
goeie o oaftoniog teepeffotum f^ soeh pe^oon sod thio io 
aauOLly 20° to 40° C holew the mOting polot sad eomapoadM 
to the hogUeting ef the tnositOo hm the oelid to the liquid 
stateo
homdoe "FUrst doi Tnsomtloo", them an slee 
tnmM.tieoo of lomei oodon modi so "Seoond uido!!", "Thud 
Oden" eto., tnM0^^^. seoeod oodor t^^H^oo
t«oPBl0tore io set onn—ool od hy the intake ef latent hest 
end ohOTp eeXnortsie ahoagoo, hut them io o Masked sMooto lo 
ptqyeUool pnportloo ouoh so oo-ierfleleot of ospoa^^, its 
spoofo hest sod aodtuiuo of dwrtlelty°»
Thia yinoonoaoa one b# readily observed with aaoxphoua 
yelyaem eaab ee imbeer aad yelyetyrano' where tba effeai of 
ennemi ereer teaeeitioA ia veiy yro^Maaad. At reaa
tegyereture' rubber ie reft end nlaatie bet ee ooallag dooa to 
ayyreximetaly-Tv0 C it eeaeeee berd, brittle rod "gleeey* 
ohexootei'ietiee. wimilarly9 yelyatymee at ler teeyeaatarea ia
a gleecyi herd aad rigid nubataaoe bat aa beat lag through ite 
earned order treaaitioe teeyeseture' it ahtuga* ta aa exteaaible 
mahM-lika aetxrieA. Ck ooeling it retuxma te ite original
rigid farm.
Ia batfe fern, tha aolneulen af aaeh Afla'»oniret4£liBe 
yelyaera ere dinyereed ia am irregular eoafigrrmtina, nm# 
onleeeln having m randaely hinttn! farm. Bouevar, at 
tegyecmturne beler the nnooad ondcn treneiiioa yoiat, the 
aaleotloe hare a hh£ maiating 9^^ egaieot any iayoned 
deformation booamne ef the etaoea ictenHaoleGelar foraae of 
aiineotidA. Vhea heated above the eeoend order inemeiilon 
icmyunetune* the aoleooloa attain a greeter degree of 
flerlhility tgr virtue of the ndaotiem ef the lii<encolecelen 
forceo' aad therefore the ntntteiune ie lome rigid.
fhezeoylaetlo ooaiinaoue filcaemi yerae are gemerelly 
anehoriiooll deformed into the deeired ehaye and hcai-oci to 
teeyesaturen between the amend order ineneitiom end nafteodng 
yeiai in balking or tentmnima rrnnneaeee.
a.
At tMn it ls spjBiMpiJits to ort?.las tho
varlcms aothoAs mploxod to pvoAooo h«it-«ot toxtuxo# yo ms.
In tto MmBBloatt]ra of hulkM yaxmi fxo# thm'mnpLfS'tio 
fllsoonts. tho folloslsM t^^hs^quois orn knsom to ho iM 
aaKBoMaS. mie sad will ho osMiUmd in oom AUtSl.
1) Halfcnd ysxms px^IumA hy tolfftlmM, ho^t-sMttU< and
untwiitMy (mUti-stip paoenss) 
f ) BilkoA yum paaAuood hy tho fhlso toint MfthsA
(coutiMSiui pmoon)
3) Bulkod yaxms p^A^osd hy tho moiflod falm toiot 
mcthoA
4) BuLkM ysxns pwAuosd hy tho stufTox hoa Mfthod
5) BUrni ysxmo pxodttcod hy tho nd£n oxlupl-i^ pxoonon
6) BULknd ysxms pxn4uand hy six toxturing
7) *£^0 yarns produosd hy othox nsfthodo
l.Si MlksA lixtuL PsodimBL to Mrtiny. rnt-aottlmr mad
SKm this in on of ths fixot ^hoda Mhinh sos usod 
fox ths pxoduotlcu of hsSt-ook hulkod ynxmo> it in imtoxoatUg 
to kmau tho oxiglan of this pmooni, nhinh in s dsvoi<pmoat
of nxnpn yum p^onaos.
- 6The fixst nxnpM ysxms raxo mA* ^ou mil siU * a
voxy hM# tout oss lMnoXlod, tho smut mmunt mUg
9depoaleat on yoxn dennisr, the fine# the denier, the hlghep 
the tviet Inserted. Theee yoow elth high tvlet vers
yum)!? voren ne ieft in a plain warp end Wien the fobde ewe 
vetted, the filewiMnts were swollen end beewoss ef thMLr hid 
tviwrtMg they tended to erner! op distort resuJtLng lo "pwhbliT 
er "figured to the fhbrle» Wbm this technique erne
borrowed froo the silk i.nduiW'Ty for owe vlth rveenieinted 
oellelesle fibres it wee TomA that vissoee royo vse 
mlnwntly waitable for erSpe fwbrlee end indeed erne need in 
trmsndoos gu^^^ise. CellOLoes owSnts vhwn twisted to
fern e erSpw yen did not Shrink vhsn flndihed lo (hbrle 
fosn se did vlswewo« BveitwOly it wee obow^ed thwt if
the oelluloee osSete yem sen twisted in s stern flllirt 
wtnewphwre, preferably onder w Utile pressorw, the rewilteot 
erWpw voold genes the fhbrio into vhieh it was veven tw 
shrink end to sxthMt w good erWpw fgnos on finishing'
The refuse! of the cWLl«leee osStte yen, twisted owseSly 
(lo the ntasexee of eteon) to siwpe, Mini pertly due to its 
lee wvriULlog espwSLty lo enter end pertly dee to lto plwWtlw 
end wwWlly deformabLe mOtum. Ae Mtson tvdstLmg oMde o<
dlfformww to the lew ester l0>lbltiso, but this eettMg 
orientated the etmoture of the yorn end govs it rigidity,
so that the nSUO^iow soetiote erepw yon then Behaved m n
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highly twisted yorn9 the tncmo^Lflottla solosw of wclluloo© sootate 
puMtiiog its oansunUloa into uropw yarn. A further lowuXoNoont
oB thio mrtholt oslag oyMinOic ocntSauno OLMmuM yna*e lul to 
tho ysodtBtioM oB yuan© n*Wag nmlkiMC projpiMrtiea proinoel by
J
©UparUio twiwtMg, heot-eattMig onl mawtotins dogUM
The BLrwt stop Im tho oacrwmtLmML mMtii-Uiup BOLsma^O?^*
(w trade mock, oeacd hy tha RWnoaLul* PatuM Caapueotlim) prueoao 
womLote of highly tvLUiLMftg the yes* ee it iu vocal mMu tiMUicM 
vyom n hoouin* Tie etreoeua osa ©B emh mcpntMlu that euro ncci 
bu OMVsiued to prevent tha hobULM oollnpaing. Tncto oisowuea
osa uiiiiiod fhmUiaMOly to goahlo fwbrica ywoMael Bbca bulked 
yarn© io rwXca luring BiOiUhiMg operation©.
The uueeal slop ia ooco*pLiuhui by eubjeoiing iha vound 
bobbins of highly tviated yarns io ©tccslng uo&ao ysooauso Bor 
sovwrOL house. Aa tgopasotuie oB ino steam sod iha Montura 
floatiolscw the ihccao^uOtio mOicSAl onl cono«opuortiLy oil iha 
etswuae© oomo to ©901111^* ihsauo n uaLBiiog or sa-osiemtaiiun 
oB tho *£00010© ef ih© Bibs© in it© ihon pOowfii© oomllXlon
BiaOLLy, ino yom 1© eoalou to otobilisa ihe mloaOLe© to 
ihcir now pouiiun onl secoNmu. cm io n ©pionur momWls9 iha yum 
holms nimbly ivicied bat ihio iMc in in© mfMdto disooticn.
Thu ia ihe fiainhai preiuot with itw ©apoMlly io solum. This 
fora© oB rwlsmtiea &i *o6u uaw of in vasiuun coy© wg&
u.
s) Ono rt#bt twiat yaxm la ^o«AL with ono lft trtrt joxu rn 
that nypanta< focwow holsnoo auh othox. tha holfinalng af tho
oppoatag 11x001 holpa to provaut hlso is fcmttoA ox vovou fhbXLnn• 
but IHm temlaail fomaa that aoa^U^^ to fight asoh othox to 
bring about bslonon glva xisw to may AosLxsbii MhsasO><MrlntJaa 
iU fs«xiao aooh io hsodLo, xoniLl0mao• atXMtahv xocovoxy ftou 
atmltth, axnioa xoMiafclnon , diuo^i^l^^^ ataaility sto. 
b) A dUglw ynu usy be umH im a aram you la mof to 
mxm^m f^rio sffoota. 1f uo hail tout, tho atnug IoxuIm^I
foxon tM to anpaxuta tha isdiTidaal fU^^Mota of n udtl- 
fliuaat yam ox faaria oamlng tha ysxu ox fhbaxia to shaxtcu os 
tha ysxm attains gxaatox bilk. fa.xtuna^ily, iu ysxu ox fhOT^a
foxm» tho A^pxoa of bslkimg sal ahartauing ana bo oonixollaA by 
aiufcjoot.mtf tho yaxm ox fabric to hoit-aatt log ahlli under stuoo.
1.22 ihriinl Taa* fulfil aac AIm iiwtin
Tha lao pxoduotiku cspsokty typical of tha aa&▼oUlaMLt
sxlo—isg *xoana6 aocm lad to bttupta to doriso
golfciu’uaoi mtiodi. Ao first patanta xbich data bn& to 1913
aoxa xagis.erflA is Agi and sad v%xa uo^t to ba usad ou 
5
sxtiflaisl aiik . Tha pxoMaiioa uou auioyaA to oxUp oyUtM^o 
fibxos oxa matly bosad cu 5#isc sol Ixr^n^^ patonts grnutod in 
U5?° *o4 U54U.
Tha apuratis* priaaiplo of all typvs of filoo tviat
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crisped f to aaohlmee le very eiaple and Intmreetlng* To
waderetsad the principle ocoaidcr a length of nulti-flXwvont
held et two pointe A ami S am ehown in Figure (X) and made to rotate
at oa intermediate point G tviet being iaeerted la one dlrertloa
ia portion AG end in the opposite direction in the portion CO.
Bovever, although if either half of the j^mi ie conolderod
eeperctely it would be observ'd that the ivlot is real, the
algehroio sum of tvdeto throughout the length of the r«arn eo o
whole lo aero, thie proeeoe heiag kxiown ao "false tdatiag*.
Vith the felee twiotiag tubs rotating oontinueueXy hut with the
yara passing forward, the system roaches a state of oqyllltelua
whsrehy little or no tviet ortats in the yerm etato after that
yam hae poseed thrau# the tube becaaae ef the eeacciling out of 
12the tviet oo the delivery side of the tuhe . fhos shsa 
equillbriua ie reached, there to oorstoatly tvieted yam oa the 
intoho aide of tho rotating tube cad aatvistod yaxm on the output
aide.
Haavrous aaohinao are warteted for the produotioa of 
bulked yarns ty fklee tviet methods lower, the baoie
feataree ef any falee twisting preoees axe aaoea enhaaetieally 
ia Figure (2).
Jy interposing a heater ea the intake aide emd alleeiog



















twisted /ma paaaeo tfaootiMb the rotating toa&t, tta» tlu%e taaia atagaa 
of toiwtJMg, hart-eatting and eaMMatUg am oAnri.a& out rartlawNNAy
oo om oa<OdiM an linatratad lo Hapuro (3). THa jama 1a tokom
Arm tha napPy yaafcaga nod fat at a aotrolPad tonaioa ovar the 
hartor, through tha fhPaa twister mod thoo aouod on to a toka-up
paOuags with taiiM batviMn tha twister taba and tha feed roHam aat
lota tha jnxn bgr hosting oad aMbaagMaat ooriLiMg biofora it pnoma
tturangh tha twJMri^<Hr«
nesting 1a nwwUly dorn by ooMd^l^(at ox mUation « a
ooablaatiaA of tha tawt MamPPy aalMg olootilMni:/ hoAtod deviN#*
Othor Bsthada of baatiag aaoh aa oisosPatAg hot fluid ay at mm aay ba
aaad and at^ooM has also boaa tx*i<d^\ The Mado^a digr halEak-aattJAg
Mthoda tfa auoh ■l^pariLar to tha atom Mrihot« 1f the qnSity of th#
stssu oox^iot thia will hawa n ycaaauBssd offset on th# ahlMMuN(aMlMtiaa
of tha moaPtant oMiMpod yarn.
HaRag ooMl^dLaaad tha boMla prlnciplea and atagaa lflwoXrnd
ia tha aaaafaotaaa of falsa twiat ariMpod jaxm, it anat ba atioMMod
that thorn am fire important ualiMbLoa ia tha pmoaae« Than# aia
a) Tjpfa of aunt waxl
b) Yarn stood ttaiaghi thM aaobiaa
a) ProoesaiMg touooa
d) f<nKasntturo to ihitfi tta /aun ia laaited
a) Atonal of Akim twist ltaourtid
 ne : • ana_ • ac tu reyi.';.3- 11 .Lustration .f the irinciple ,i 







fhe *poX O yse^^aea^ig ie okrtnelg of raroefolel
iaq@rtame eat ia anereilg WUbA bgr the mte ai ahlob false 
teiet mm be inerted. With ame meat hU# speed eeitbode euoh
m MLeUra talAlng, beetieg of the gm Ag beeoM the lMtlag
faeteee Beeeteea epeed eppeeee te have mm little effeot aa the
geeeity of gem peoinoirt» eeeept pesbepe et teiQ h^# apeAe aim
there eeg mot be mfflAmt tme fer the ^io^oo ie the fUmea to
seeaewpe lheee•leoe ee dALiA.
The gnlitgr of the gen ie gseetlg lefhsmA bg ihe lest 
three nr!Ol«i vies tessios iwpenters esd tsdsti
The ief nones ef iheee fmoten n gen geSLilg «i11 be seseidecA 
in ores dAAl ehn ihe properties ef iheee ordnA gsne ese 
eoseldsssd isles. At the sneet it ie nffiedent to eeg, that
the threeeter hg tesgieg three T'e i.e« teneion, impsretuss eed 
islet hen the eoope ef psedeelsg e side ssriebg ef l^aslsrMd gsne. 
nileld1* hee glrn iggieel detsils for ihe reletiwnhip between 
ihe issieblee for ihe 90060*^ ef 60/20 eglee gen by fhlss
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It is One lsgsrUst to realise that fblee twist erlsgsd gome 
wXhlbLt los^e in their sloglee fern. T^ prevent qSonli^r
Msstraiaw in fMtelee knittsd fben then* 2 end S trtsted slnSes 
gome ese fWldSd together to glee s boXenied wffwot.
fblee twietlog wf gan doss oft retwtn os omh lssttw 
as e>.ztnln ether tggse of bulking^.
X.2J
k'tan bulked thenqgLisstls game ease intnrtweed, it see
son opproeist^ that the Inherent esllepsw ond stnwtoh pnpsSltoe 
ef these gams esMLd be aewfbllg mpleitsd in the pnhotlan of 
hose tw add tw the nStool high wSkeioribllltg of the krtttsd
strnstno. Tho lsporteot wdeaeSege oas that the soags of hose
siese aweeweesg to esses oil shapes end elses ef lege ssMld be 
^deewd, ond it woe eptiOLsSiesllg wgpwtwd thst the eellspee ef 
the hews weald reesse for ever the psoULso ef length sosdstlon in 
the finished Bobs, do stnftsh gome begem to be appied to ether 
tgpes of geneate sash ae sen's end obL^d^'e peeks ond sndnroiai, 
this 100X101^ enhwnSbilitg eos of loss advantage* Ultinotpg
when these goms sens to be eenaidered for outerwear, their
stswtdh pngwitim sere on en^^^feso^^ rather thn an advantage' 
tMr this ogpllMttSou oomfLed tentered gens were rwpoirwd hsvlog
loser stie tab dhoMrt<rttsttes Bit retaining their balk prop^ies. 
The development of these oes gone hwriOg bulk with
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soUooai 01x0!^ ha# baaa tha snOox oomooxolol lom0ogmom in tho 
loot fan gooxo. Akl tho uotholM oxo bosod on tha ooao otoplo
prlnolplo HOustutod 1m flgoxo (4)* tha gsu la pvooooool la
tho ooml thorns! amox st tho flxst stags of tho pxooooo bg 
pnsssgo ovox thn hootox and through tha fhloo tointor* nuo
pxodsooo thn gnu with wroxul oOLlspoo aad ostOMOhlllty. This
gnu la thou alLOooU to oOlLOpoo to n flxosd Aagxoo bg ovoxfoodlng 
thn orlop**! gnu to n kaoou nsosU into n oooond host ^^^otuoan 
sono# oo UsoLgsod that tho tsuposotnso tho gnu ottoUm on this 
hootor io to oxoooo of tho toupMmturo attalfoU st tho fixnt hootox. 
Thus tho gnu io xout la its partially ostoadod oornUtion
out its olostloitg ooaoldoxOblg xolwood for inlg n alight loos of 
bWktoooo.
1t ohoSlA bo aotod that tho xo-host-oMttirng of 10^0 toiot 
oxtopol tbouopllnMilo gnus oMAox 0Mmtxallsd ooUltlouo aokoo It 
prnoMLblo to pooAuoo n sldo vsvloty of MoiJfLod fhloo toiot oxiopod 
gnus boring prqpoxUoo that Mcs them of opoolU lmtoxoat la usa 
osooo. PMOtWhoOt t^rnntmoat of fhloo toiot oxtopod gsuo ug bo
nood to oltotonto MhxliAsgM to gnus oaA AtaXon ox to xoAsoo 
ohrlokigo sad otxatoh to n prolstomilnod oxtomt. Ths
sltotoisti.am of ohxlnfcsgo lo of MpmOLnl mluo to ooxtato soron 
fhfcrloo shorn toMtuxo. oaftmooo sal Uxspo sxo tho prtouy 
xooullMmomto.
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fbiw orthod «ee <409604 te eglm peoMeo•iag ln the 
erieqLng of eg-lon toe few eteplw pwohMSlen' It hew Been mod
for nod for seeg j<«sw to put so extern sohsp into the sliMedy 
swtuaOLlg estoped fibre fbw oetdLog «eel mote euLtebXe for see lo the 
MsnMirtkwe of Barpete*^ sod eleo few the setspisg ef heMe-haLr 
need to oStsees prodnrtlen The pxineiple of tbs pxweess tw
Based sn bmSbieg the fibre By end lewd eeepswwwlin.
The itoffee beat method of eeLnpteg dm developed By 
Jesoph demed sod fens Co. of U«8»A Isens ere node by this
peooooe ta wsny oolcntles eodee Husoes Aon the ese«owy end ewld 
leader the trode men fteMeo* The fint pwtsot * wu oppled for
io the UiOted btstee in 1954 sod ssabsi wf fturther pot eat 
appHestomw were soda, the lest potest Being pablL^^^ io 1957^8*
The prLOrtpel festoies of the prosese ore shown io 
IlLsipw (5)* n^c^sepLO^^lo psrsw ore eotflooweelr drown into a
inhale? etsffw box Bp a pSLr ef feed rolltfe epeeatLOg ot llneoi 
speeds iaagng fhom 100 to 2000 goide psi Monis Aspmdlnf eo the 
waMBlne, the goo poDoaessd, the deinLei owed sod the issSLts 
deelred* Rde gsn is OM0gpeeelwd egMnM s mass of eoXLettag
game By neems ef s eliding lid eo the upper end of the tubs. 
as s eossegsenes' the gam baeklee plcdsoLOy o efaMrsSsri^lw 
Og-eog eriwp sM a greot degree of bslk ond stiwteh' The ertwp
 1#.
ta the grnm im hoot-not MUet im the etootrloallj* hooted otaffer 
hee end the toko-op ie ersmngod to he olooor then ddUToop* Ao
arnenot of the oldOnr plengor on the top of the oteffrn hoe 
(Figure 5)» dno to tho peeking peoeoero o^oOtod on it bp the poon# 
io need no noono of oortireimg tho opood of tho food ooUooo, 
tho pare botag Murn off to tho oiodtag peokego throe# n ooncrOUod 
hole in tho plunger.
Tho drive to tho food roitao inrarpMretoo a friction oletoh 
oporeted bp n oteffor bee plunger* koUor opood io thee
sodteeed bp pooooaro of tho peon on tho lid eed thoo sane et on 
otooot ooMtont opood oith tho ototbh nottag ee a oXlyping drive.
Ao teto of oithdrooel of pun io eloo ndjnotehlo oo thet 
the plengor soneino et a eonetarn level eed ta thio meaner a
eoeotent eed nnfoon length of tjontteoat in the otuffor here io 
eohlovod *• If tho pern oitkdsoonl ooemso et n tepid rote, tho
plunger notnntoo n oolo^Ld throng# n leverage mgetoa, oo ornuoiag 
n otippngo of tho take-op roller eed honoo mAotag tho teko-ep 
epood*
It ino boon ohoon thet ta the otuffor boo orloptng psoeono 
19or^piog ooomro Lm^oOI 01^:17 bohtad the food roller nip » oontonsp 
to proviooo idono end otntao thet the offoot tokee pleoo irnoido 










the tackling tagth L of a filament le given ty awler'e 
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vhors P « «td load, S « Tousg'e nodoliui foe the eetewim, 1 » esKOd 
noamt wf spso of the fiSmsnt se^^e^L^^«
As '1' le plfCPo,Pio«ML to the fesSth pawsr ef the dlMstor, lt 
te tossefere gMegectlansl to the square ef the denar* fhRo
hgsstlcm TA], L * /SJf tm w givem MtifhMMM sat given fllnnt 
etwee escticn^> the oOap length sen only he ^duoA hy the looeeneed 
^N^e^wMLve lend. A high ssspressL cs Lewd peesents nrohlenM wf
sateens dilflewLty in the oo^t^ ef the peons, both floo the point 
ef vise wf pnwpslUng It in the wtuffwe Boo end in MshlevLOg eo 
sdMpwSs grip eo the poo hy the roHsre eitheet ssnMJig se^^i^vw 
ernahlor» lt ih^^s, thnsfexo, tint there is n limit to the
pBnftleelBLe rsteetleG ol <?yVv? loogth with this presses solowe the 
StfUhMMs el the liLSmsnt le rslto^sde Tde sen only he dome by
weftwiog the ILLSMrts before noLOplng Thr owM MSteiLalM the
StLffhwwe TSLlo we the tnqRSiwture is iMPsesed end this is 
peptiesLerly trsw la the owes ol ^^ns^pe^is ILBcmm like 071^^ 
end Topltn^l' l±wn the rMlalenae01p hstssee tewpsestsiw sod
Tseng e n^ULne it lw poMSLbie to sislvs Mt w psaottssl end, euiteble 
otinpimg tsopwMisiS'
The dletaitatioA ol the hestJOg a^ts is of mhm< Import moo
to.
is o pwi of the ammii of the oalageH ottUtaote the —Hi of
the hoi etuffes bos mhli earning through the heated eeno, oBiohi 
the bulk of the yam roeivie Iti heat by matast ilth the hot air 
la the boa and by radiant heat istiudtmg inearda fbim the eelle of 
that boa* Tho radiant heat will nit reaeh Oil of the yam, that
nearest the kOUo receiving aoet o^ the hott* Tbi apeelfLe heat
oT air la only a fraotlon of the i^oO^^i heat of aetal at the 
Mae teaeeratari* Tde heat differential erodum a yam haring
certain varlablia elthla itiilf end affect lag each faitori ae dye 
ahao^jLen. There axe eaye of overocmng thio eroblim, these
haring been develveed by Joseph Beneeirt and Sone Co, details of 
ihloh are not eabliohod but md available only to lIConaeia if 
the etaff er bos esoeeei of bulking*
Mfem the yam im Its erUved fern ia wiUdrenm by 
opplieatlm of tioialm it meat be eoelid* Heia-ialttlAg in the
etaffir boa ia nit euqeilti ualeei tho oooling ia eo^t^e*
Im the original esoieii there io no eymial e*orial<m far
enOLing, tlMath it moat take elaeo chHo the flbsee am atill to 
the deformed etude aa ithexoiai the erfae eeald bo rimvid'
Tbrl<er aad tBettlBtaxyyo** doaigiod too dorleie to naemt the 
advantage if rodueid este? length and iccreoied iring fkiqainey 
KUIoB cm bo eeBalved by deHviiriag p^l-Blatld fllmmta into tho 
otaffor be** These devicei icmlsl of o eabr of heated food
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rollon to h«i ond deliver the pun Into o ootting tube provided oith 
o woo# of applplog book prooeuto and io ehloh the peen io ooolod 
end not# Qoo of the doviooo u^Iopod ooon "OOLiomi" oo a nwnn 
of u^pLping hock psoeouto nod ooodLAg Ci-lo tho other w»oo ^at*o*wg o 
Thtip fouQd that thio method pioldod an ingir'Vcuuooi In tho How 
fSoveonq) eed etnuiltp of tho udnpo. It io elained thet the 
fwduno^ltuL differouuo hotwooo thio wOtOod. nod thooo in ooueocO^L 
ueo ie that the pteoooolag uoqponoo ooun>GOo of ooftouiog, 
huotlizig ood then oo^OLiog LOptOnd of OunOliog folleeort tp tho 
opplioLiicrn of hoot for the puspoao of sotting os Lo tho 
coMseraOal psooooo* Thw with o pro-host tcoOuiiqno* it io poooLOlo
to ooKiovo o desired offoot at n Lower tooparutoro nod with heat 
Apllod to the pun for o whootot period or tine. io o
eoue4Otueaeei tho uroittt of dGgru&ution io tho Ocsolo poLp^or io 
rodooei a# io ovido&ocd bp toe sopiorior strength of a pro-Ooot 
orloped pan*
In CwchoslowOdx unothi? otuffor has ortaped porn one
mm
rosontLp developed undor tOo nono AUIoo . Zoo prinelpal
dlffcruno* Ootwom this rnOfcOod and tho oo&vwoOI<oMaL Bunion HOod 
Lo that a wodpo wth a "iun-^oddo°^M io inserted honeOtO tho food 
rollers in olooo pTOsLnltp to tOn. The wodgo hos on oOlipua 
groove at on angle of 45° iu the nn^^^n-odgo. Tho porn to Oo
otinped io stuffed Lnto no ohliquOlp sot otuffor We which cun
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ICwely sdJsLO the feed sWUmcm. A «»m:i’sMlsx feeler eAJssts the 
y.wca softest lw the stiller bea, the yea hwdsg fed in wed forced 
egnloS the sOidlng osss ol ysa. %s reel el the pisswee is 
elowMi eiuilia to the henloo |res0ee. The slmi&e &&L* Top
|iseeee was the esse ef the ooofodisc* el the o&ohiss sad a
pri ?bMllltX ef a redOMed oobos ef OjcW^hm lilesots. la the
leOoa pt&ta&af the /no limds te Be eewpg&t Bowmtb the sHOtaa heo, 
the saLMias having a tsndWnsy te mtied tbs sold /stie. This effect
00/ Mss be '%>«<%'& is tie inU<a pioseis*
'^wOLeed' (legist feirai tst&s sorl of t^j^MLee Conner of 
LOli^O, lMC«, 3.S.A.) MdfetrCSC^S^' (ce£l^a^lsd tCSlW OU'X of ijcwoo 
TwctmCOed Tiro Cs» los, 3.5.t») we other spLayed jr^srsis prd&iood 
By theotnlliT hca aetOeiM. The S’t;^Sjid sere
S|sMLll.•coJ.ly Lsctrsd to tsxtnrise eonow yorn nM wcySl flhiM.
The Tpnnjued pressse dtffco in two iMSgeet■e fcse the Tonlea
the seOlLnscce fliarsaH fibres tis od tszticsl 
LOAi^^m^^T bet la tar loro end the thn^^xtlim^ le cerrlsd a*t 
LO M «rt-oeUvre Si o lotsc ste^ at- a Depose e opsttica.
Tome oclsfewd b/ WOlfec bon p^ossses sis sTan'tOly of 
oa-toryow types, therefore the MperWIao of dohUai as 8
twist <d mad oas 8 tsisdsd ad* eraally septet to yoos acwdMesi 
by telet*hMSt’Oet00010101 methods to belMeee the twist, is not 
obssseiy Thc yawa sduped By etOfloc bort toMhilisiis.
Th# punomo of edge mleplng BntOod the^^fl^o^le yuan 
tp di—log thooo jwaaw over o arleplog edge io ilnMed A 0<fl« 
nrtint23 #od io melinod to Deming Mlllhom memeh GeoeooMan* 
*dgLXa^B in tho roguimd trndo ooek eM tho pso^oo of Bulklog 
itealf io imitina referred to — tho 'MUoo pernne’* TBio
—thod in epplfred olooot omOanio&y to ailep podyom^i fihrau
Ailao ymaa ire oMo by p^^X^^ n hrntrd thomeplmitlo 
fUamot yem over o opooldly Blwstd terdood edge end mXrnleg 
tho yam to oooX during the vreooei — rhao im Tlgori (7) • Thi
rnenlteat offoot of thio poouao in tairddd, manly,
(a) oimPio bonding ovo thn odgo onKUig on wove ^a^irihiniGo of
etnoo tBnrnghot tho yam# ond
(B) oarepAg of the tomolmed fiXornnto m they poo owo tho odgo, 
ONHtLtAg A rn-orli^igl^ of ean of tho fXBm ml mulm.
(•)
figure (8) IUmOEObm Bor tho flXnemto of a tBnoogXentA yam, 
Ohloh orn mtetluely uMfom Betam Boding otrertahnd, Booted Mod
dam uBUe tomOio — o orApiMg odgi od oooled, Baaa imieO 
maoa the Almont eoan-mtlm oftio eonMmomg ovo tho odgo* 
TBo pot of tho AXnmet mr—t the odgo io rhmpXy tot ot the 
odgo botag umrroool oB the point of oontmd* At tho om tMo
tho Almont igLdrontood u vd! m the prod Tmrtnat Am tho odgo*
 illu^trniinp’ the 
■pinci ■'lo cf p-^'-»p 
ClT mpi r<- n^oCP'’'".
14.
AaooviALSf %o the thoey il taWUoii its straw at oy
tevlaHtttl LUqtw lo its aro»s-M0ti<o at its pOLot btOiimt io
pM0|ortCoMl io ito UOtOonoo ftso its mmOoO osda Of its fUeia. 
BiSon its liboomt lo alnoon morio Oi its opaod ol pooono0ior» 
its plaoo io its jn» tMopn t&O OLmpLo OLoto of bmOtog ooonn LO 
eeoOimallr OtMSfO<« Alon Boooooe ttwoa lo o mnOLaOOn
ox^s Ln pvoioO its ooLntLOo Ol its filooli its oOLoaO Mini 
io loo its Ode Ol its fi.Oooat OtMO io LO looOLeo to 000001 o 
Oinia Ol onopfooOoa By sotntimg tsooOs Un iMmOo Oiga oO vi<o 
venn Thao its flOooot io mnmnsoOOy twOg tent ooo «ng oO 
tho its OLtep oo ito mnriono loyoro sonnri OLtoonmo&y Heo tMo 
OLOia ol mocooOoo to tonoioai TiMo AOloiood rtnmtiao of its
flOonO io baO-sot oo ilw iLhco modO tMoo oo it pooone ovn its 
blade.
tin oOo LO its Agllea ynea io LO its Too Ol o twlliOL j 
oOlod miKieot «ooeeg ISO its n»ila rnonean itsii Aun^cdL^^ M 
once or loo cnjulo interaio ood oo eaO its yosso proAoMoA By 
thO paragon oca oonOosOly noptaepsn typo.
Zi ie koooe ISO in o Aon op0ts*io lion non me ngCoo 
its ooLneolea oca oOLnOioinA in no owpocOoef nly yonUM ooAo to 
its lilSo nsOn. tsma nocO a litwa yOHoA ormc oo OAo noAm
^aot<of its nido nonom its odge in TOotOmmA. lt Iso
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dbMnrn*e thet te# Mlamlai ta tie one auour tie fOUMnnad #A#n 
g#i «o-oriO^^oA poHO i# tie oosaptag o*o ant oro ^O^anC^^ 
poqnnOUelar io tie ftteo onta» tOrnnoo erne one tOun tie nomnOt 
ante tattnato tint tie rNAnoOLnr ntoniOon in Doom mono snanlno 
nnoOnnnnt net in tinrnforn osnetotod in u tnemonnip roaOtaL onto 
mo tin flbm mOe aotn oOnnna of onioOeion otX efoniiralp
Oecftnn tin ftam on Un dnfonnni Oita nnt OU thonaHnrm to 
renenoOLbLn tor tatnoing n orlnp«
Ito totatlum Inportannn Of nttOnr (u) nr (b) dopnte nn 
tin oomUUcwo nf pMoeOLnn nnt ton typo of peon nnOt If u pan
in ooeoMd nf for flOaonftn oULpi no flUnunOl OH to ta ooOta 
mo tie otgn nnt OH tararnero to dnfnanet nnt boon ite anooine 
ortOOfc Oil to pr?ndnO.aeH in tie ortaptap nf anno porno. 
XtnnoaiinOlLri if ite peon In angonnd of anop fLlmantn oOLp a 
onOLL proportion of tie flnooOe nil! to omapod along tie Of ot 
any non ton out thcnfOno ite port ployed bp tie 'amroloi Offen.* 
Lo para oKiopLan HU ao bo an anno on ibui to ia bonta*
Ii in io bn noiot ibot IbMLto kolinto TOnn tHOn perm tn 
oO Tire u snp OLaur Ofcrootarn?*. Homormr, if igton poto ta
ml irnt to colon bp mror-footit an io u ^^^^pi^ Omu.nr iMn Oil 
rmeOLi in u pMporiioia Of tie orlop io bn eO me OhiLo ofttlior ite 
renintir Of ite orlop earn OksonOLr time bafbro tiito ruOmnlinn 
toetaoO. Ito tnmotunt pornm, kaman on 'tUca D\ glen u aano
oLearor ntsuninvn.
16.
Tho a-noaM of over-food and tBo tvmenmtnzo of tho dovolopMg 
Boater ion ho varied to obtain a eide variety of jomo poeeeeeleg 
pooportloo oa leqeLrari^. o*g* a low ovur-food and high tomeorOHoro 
WH give a yetm of let bnlkLoeoo bat eloar OtiteB flaaotlm in the 
bmttod IBbrio xBoroai if high over-food end lor toapomtuio oxo
tBoee rill Bevo vny little offoot an tho mom A0L1m 
yoam ONLeO rill* tBeloflro, rotam a high propoxtilm of ite 
bulBLeooi and poorer degree of etitoB clarity•
1*16 ISO* jar .Ux J-xturln- .
Ike patent -agfati for tBo plo4ultlla of air bulkod yean# axo
hold by B»X.du Pont do lemon and C<oapon, ins., U.M. aad 4OIo 
Toon a# for book oa 19s2^« 'ToolM io tho xogietirod trodo Mik
oood to doeigneto toatoxod yaame modi LM ooolr4neio oith the 
giaOJLty otaadorda rot by da Pont.
In a ooeetB oom itoone fLLiMom yam tho roeo of 
eopUoriio He io orter, ono noet to omUBoa, pommel in a yorm 
xHUoat twixt, io oodBmrov foxmOioe in o yam with traMt* da o 
xooOLt the yam io very oonpeOt* Tho n&oa in aBBLai the 
^pHOxrlrni He io doOtnyod doting a xoa^unp lparotJam by TXtylMg 
the yorm with the aid of o jet of oorpreoeed oil* TBLk mXTorlLooo
the baeie prlaOLplo for the oandfutaoro of Taslom toMittied yaamo*
Zn ite aimPUeot fern, ooatMMoo fllmont yorm lo fed thxxtgB on
air jot to toBo-op xolloie WheO dror off tho yoam ot a ipood lorr
«T.
them the speed With sbioh it io fed to the sic jet. i 000110001
vise of the sic jet io shoo Lo Figure (9). The wsoese of feed
epood ever tohiop opesd wad the ootldM el sir passing ^^oegh the 
jod LMMslta io the foawotioo ol mswoua isoAaiSy-ipsesd Looj' io 
the yarn TLUMasotw hardly visible to the asked tyrs sod slew io o 
ssoMwepMniAtag Ao^sooe la yao Lesgth end iaecsoow in the resulLtisfi 
deal or.
lo esStcaot to ethsc wMdOMie need la the pioaortleo wf
totted fLLOosnt yar^^. thscospiaMils AwTocMntioo ef the yarn io not
eMpLoyeA in the TdML«s yweooaa. OosowMoOdy this prosese io
eypyweble to oil s^nii^eeoo oOti-ftlooent yoioa whether
sellolealo or syntbAio sod is eOtiisLy aodOwOioM io opscst-lco.
The pCMesss heo reoertly gotoed iopoctsoos sAsss it oas slee he need
tw scOp gloss lihrs ysroei Hy posTLAlsg entco tsrtore, the Thhcio
ian{yoera ere ohle to otas glass libce on^o^fl^i^ With oS only greater 
16opaSLty but slew with sOhMMtially greater oorfhoe interest .
The Taaloo prosese prsvidtt so spp»tunidty of pxwoMealog o 
Wide variety ol yaroa lt io evident that tbe pMMoesolag senditioo 
ooob oo or^c-fesA spoedOi jet slos, air prsosoce, take-up ugoed end 
tensuSo oss be varied to produws o vaage of loop oisse sod TBsiaoooies 
io o range el tecrtursd yoco effsoto booed opso the use ol osy gLvoio 
yoco oualamlOllen• Also ia odditio to tsctUrrOng stogie onAo of yoo,
iOtipio ends W different typos ol yarns esrn oles Be pawcMesei ot





















Owowitly # mw type of teLkiMg divloe fox thonloplootil yMM woo 
dovloed nnd in neoy worn xiooBbloo the Idelon torturing pxoeoie2*?* in thin 
dovlon # otrnOB of hot goo io oood to endMi thn BUk WfrnOt on the oom 
l tlmorne fLLOmnM yoomo. Tbi yem le fed into tBo dnvloo ot ono ohonnOL 
nod the otoum of hot goo le fid into the none ohomiML ot on nm°e of eBoW 
60® on a ellghtly eeaMUutll oMlb« Tdo nogle ond eoomttliLty pcltelOl
e WBrliag antHm ohloh oomBloot oLtB the toopoaOtoan of the gin ooftioo 
ood OBLele the ^d^v^bHdl fLLOMioto* BOB goo aM fLLOMeM loove thn
BOLklag devine at the eeno poled But tho yem la olmoOt iAeed lately 
vLtBOaeM from the jet by Oil to pxoooxvo the balk offoot ond the yam 
io olLOeod to enol* Tho tooBelquo olileo to Bo eBLe to pndnoo e
nappleoentosy oLompAlon of 100° on o 90 diOLor, JO flOmont oylcm yem*
Rumosoua ethir Bolklog praeoaee have keen proponed but they 
hove oot attOLUod motl pqpOioXLty or oomw^^ oomim* Borno of thooo
Methode oxo BorenltB*
o) C<lMtLUo<oa• fUmnet agrlon yam lo tartttod ia o tabular fbtaXLo ea! then 
the ThBrlo le Boot mi in an eutonlovo* Tin foBrlo la ttam
oM the yorm mud on to o euLtOble package* TBLe typo of yoam le
kaooa aa 'QOLOklo* typo tlxtttrid yam oad ia torque floe* ONMoaOly,
hooiQr dartur yorma oao prnooeend by thio ^Bod for ue in lodlom' oed 
mMi eweOtoto* Tho dOtOLlo of thio mommaO, pxoinao axe ttodwid 
in BrltltO pOt<eut°*
b) IttoaiPta note mode to Men the orloklo yem piocne ooxo oeeniatml ond
w.
this rnmlOM la the tavdspemt ef a mOtcer of afghaniae! orlsplsg 
PzocmomT^v the eala elrnmt la ehloh le aaoally » pair af gear thowlse 
Theae axe heated aad the yarn le peosod heteeao them tee or three ttetf, 
hodeg leegltidUSsXly dlqplooad to a slight degree os eeeh oeeealoa* toe
roailt le a flne hot valor proseeseed setap affeot. ThLa prseoae la
sepleyed parlssrlly to oohe oerpet yarns by arlsplag ooeroe pelyseldsa. 
e) C«artaln aetl^dS*’^ have olao hope reported ahlah osa only he opplod 
at the aotraalos or dmelsg stage end ae they are seallehle to only fibre
It la koasa that serosa the fllMMSt
sen ba pxodeood ln different says an the already dress, yarns# BUSderlyv
the goes offset osa be paodeaed at the extruelon ef a thasMplaotla 
fibre aed the sppasetaee end pcedoft hooe bean deocolMdBv
d) *cdrp epos" yores hose been predeood elth tha eld of a orlsper*
Ode eesdste baalooUy af tee press roUese, a etaffmg bon or ever* 
feed ohasber end a aoetrol valve. toe etsfflj< hex If not hooted and
tha ardap offaoto ore not sot ehem the yesn le son lnto tha erlaper* toe 
eiliped yerm fbon hero la aoevayod to tlia oenvatorv sot eed lightly dream. 
dUl beaoe ere ttem aaed to prodaoe a ham^euftss ll#ht;y samped ooebed 
Odver and the orlop le eat with ootarated steam. toe Oliver le them 
opem lmto yom by the moiel aathede. toe •FeoSeek’*^2 emd •JdnvO,*2 
prooeeaea are ether prooeeeee boeod om thla principle.
Odds (l)t ahloh lmolodes beslo proosaasa for ths prodmoilfm 
of stretch, moidflad stretch and balk type flOmsnt yarns, auwnel^ae 
tho oothoda deeorlbod ea Ite.
AAla I
(Qrf.de to etretoh hulked ftOneet yere jroeeeeeelM
jltCBittL Yam ?*bo




Ltrotoh ond oottfloA 
otcwtwb yoco
S) nsflm Loaooaa ConporatiMi Bono oo shove Suae ao aiwva
l) Etoabs Bsns oo shovo doos oo shove NSAfioA otcwtob yoco




.^teofKer .tk juikoA yoco
6) bUMOloe GmOsa CoqHanOiso 
ol amsOloo
B^^sO. lLUpJ’Jlt LUU jis
B0MU«h CaiOpoMOlSM
isos oa shove Ton oa shove
7} AgUOri Xge ifLog-Lo^ 36rwLMb osA o^di^sd 
etwtoh yoco
B) Laaloo O.X. do Foot do
^moss aoA CsXo.
Looping fOLked yoco
9) Crlakl# 9o ?dMCIM0M1 xadi'-Wcoit X&Lkid yoco
10) %U«rt CLuo^BOo *nd
Mysoo Go.
Geoi wclyploy BXiksA yorn
11) Btuvirtaii J.Pi karoos osA criming Miked yoco
jaCi.
1«3 af jjulfwd Tenw
jl LLsttAEiTL
Ab ho# bio #t#t#d pranKO,!, hoik or yosne m#
tho of u mtmp* io bridge lto g°y beleooo too boto lypao of
yumo (oontlmoai fUinoML yom «od gpoo yarn)* To loBILovl U&o
lfcJlOfcivl ol1lMLLlnMOl filooeot yotao ox# ploolOll4 io giro item 
«o inoxo^oKA lplUfLO rllloo ox bulk# oo itol itny h^d More Hr
0ltnloe iti lUmeto oeA tonoo iboLi ttomul paoyrxtlto orn 
voxy Moh llprovlA* Iti ulA. north «ixy lppeoroell of tto 
flOmoM yum lo xoplooot by a homt, xooghvr bat ooiTter oat 
romioot yosfe Thio ohlegl in yarn fun lo o^^^P^lOted bo a
phyaalal alALflaltlae of ttn lootlmuoul fUmon yum* Hum,
tti ^s^potl<^t^y nf tti toxtoni yarn Hu lo tti foot thot
ol^Bugh thoy llmd^tl opun yom LM oogy inoeoOfcl, thoy retain 
eony of tti dnoLxlBll ptn^<oXtloo n^mO^ aoloUatod nth the 
fLLOaoBt form of tti yen* ftoe tti yam retain the typlnoX
touA-exoatLog pm^ittloa o^^dLOtnd nth grnlhrtle flbxoa oot Rloooll 
of tti goot otoon xoomny of ThbiLoo pndOioA ftom fllomst ymoo 
tti fafcrloo exoAoloA ftom tuturnd yorao aloo esOlbit good oxnaoi 
ronvaor propmErtloo* Ai tti Mortare abaoxbiog oopoUty of tti
toxturnd yoioe io InoreoooA# ByAtapBl>la yorma bonni wvs M>mMto 
obooiapfcivo in fabr!! form thia betag o d•OLxehll additional 
pjaop'Otty*
32*
1«32 Iwanmaon of frUfrad Tnma
Yarns leaturod by ooammtl<mml long prooea##* ond oxitlmom 
ffclae twist proosaa^ mr# olallmr la ^paeuwum om nr# ehmrmomlnad 
by thois twin Holy nmtor# (torn orlop) md by tha looping ornot 
ehloh tha fimesot# ssaumu than the## ociapod yores mr# mUorad 
to rolSuu on 1aalomoe 1b ths seooat of roXm^t^^€Q lumrasaas the aim 
of the orlapa ead tho meSbtar of crime* par salt length of yajnu[>'*ul
Tho mfsot of poe-troetisg fhlaa taint yarn la to oasao 
oeah turn of talat la tha original torque orlap yam to oaaifeet 
itself e# a halloo! orlop. It WLU ho aotad that tho pwt-tieeted 
torque arlap MlawmfcOv rolexed to tha osoe degraa ea tha torque 
orlop fl.1 moots ooiUals eeny moa uniform orlops thia alngLo 
proososad toeque orlop fHSnante.[?=u 1 (3)]
Toma textured by stuffor han trnbmlqued appear to have alg- 
nag orimp. In this method of soLeplng oath filmaet la relatively
feea to bead or orumplo ee it will ebon lt hit# the nesf af already 
oslapod yam that imnodlatoly preoedal it. Oso amfooo that lt 
Impinges upon la so vurlehla end so ChusgaShLo that It 1# dlffloolt 
to aomMOLvo thet tha satire length of oeoh fllmeat la oogpeaad of 
a aorloa af umfaaSly heat, rcovome T'e ( aaaaa ) #ith straight 
usShau lengths of yarns hetwem tha slg-cog os le somally Indicated 
la Ht«anmrsf2. on auggoOlan^ io thot tha Individual orlnpa




Plate 1. Photomicrographs of (1) False twist crimped nylon
yarn, 70 den. , (2) Textralized yarn, 70 den. and
(3) Saaba yarh, 70 den.
 (5)
Plate 1. Photomicrographs of (I4) Agi Ion, I45 den 





oonTiw coflhii tho MLoy Y-ohaped lo a OsgLa plnoti LW)]
AfLloa yama9 !■•.. thoM aate by the adga crtiaplng [r»n i(M]
Mthod heva a mmalag kalioal ataotara wtdoh la the aaLtl*
filMB foea la safuiad % a oonftuad oatfliattatlcia aiallay la
appearaaaa to falae talat yam# but not talat lively. The aoat
noteworthy faatam af cda tamiei yaaaa# the m# ttat 
ailfWBwo&Lo*ea Umb ftoo jama tartemA by other #coo#MBaa9 lo 
lOa aaOhiac ol vaay tiny lsaya lo the lMdlvltaMl fllMsorta of 
LOa iwolo jams* ihooo loopa oassa Htblo tMa jao lo oAMtfcK
to those fomod on tOa suolhoe* DaXaees aoWO loop on any otoglw
ILLnonOt tOwwa oo olotlvSLj looy otoltOt osstloaa* Bbombbb
tOa loopw oocoop la irnAoi ^1^* asaO leeg lo tMa jao 1a onaO«raA 
by a^Mant ftlnoofto. 1
1*33
1*331
Lo yaiooOLf tha ^j^aot of o^dl^loig o oontloMoiMB fllmml 
jao 1a to oloslMta sartolM poopoictlea of Sjoo otoplo yooa. 
flhsoloo o Mes|aSLoen of tMa atoao-wtoln joppsotLaa ol 
oooAiiiBoua ILL0mmo& stotob sod otapla jama am pnaldw an 
oatlMSta ol boa TOa thia portloolsw sBjaetlva 1a ooidLavoA.
flyno (10) shova tho stsosa«otoiM ouosa TOa isoosoloy 
looAa oa bosl^t icUoo, Sooba asd ihloa talat erta9ad jnaaiH,
oil 2-folA 70 Aaalosi jama ol 2 doloa pec flloMsnt* Am am Ba
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mated frw tha flgaroa falaa trlat odapad jam la oap^la af 
laaga retooucrt fr» ita fhlly ralaaad ae^d^itti^oa aad la aaad.
ahare a high yarawalaaa af artaaalaa la ngalaad la a fat%ie.
fba alhaa thraa /area ahaa aXoaai alallar paapiarttlaa awapt that 
far aatraaady laa laada Igilm jam ia aera mtaaaUdau StLaaa
haalaa yam la tha Ioaat aatanaLala af thaaa faar atmtah jama*
It haaaaaa mm aattahia fax vaartaaa ooaavar aoadma*, la
fapurlag tha atmaa-afcrnla propaatiaa af Maim, dalaaca aad 
Xiafloa jama has iadlmfcod that at laa laada Malm la mm 
axtaaaifela thm fhlaa taiart jam af arnpaumda aoo&t aad baa 
attributed ihla foot to tho aaa-tooth mtura of the orlap la 
ttaalaa jam aad Ulao to ita flnar fiammt daHar (filiaaat 
dotaLar 2 aa ooapaxtzd to 3 of falno talat jama iovrellmtart) •
It aaat he aqphaalaad that the atnaoHtsein oarrea 
rapramatad la Figaro (10) are for the *erlap rmaral” arnridtlaa 
of the atretah jamor md if tatendad further the yama Wll 
fellm a aomal ettaaa-atsaia mwe af tha parent waHomicd 
filOKcsat jam. Thau, ahaa fUlj aataaded all tha jama Mhara
alike provided they am mda ftm tha aaae parent f^uaaat jam.
It la only Warn they am aHowed to roXaat that they eoatraot to 
different mtaata dapaadeat upon their metbad of prooaaalag* Sa9
pmmdn^aml^^, tha atmrtoh yamo are moot dlff^aaant at thair aero 
eatmalm aad af the aarroa, aad mat aladlar at tha
esteaelon eed ef the eurvee where these ere fairly widely
la eaotsaet te toe behaviour ef ether teetered yerm* 
toe toelaa textured yams shew toe aeereet oppseGboh to toe staple 
yam. /loess (11) afeeee typleal sty«m*etrsla releilmohlp ef 
e ettt|.le yam, a faalea /eta eat a eontiaueua flleoeat yam mte 
free toe erne palymP?* toe hreeklae exteaslm ef toalaa 
yaaae le laiemeaiate heteeea these ef f 11 meet eat staple yame 
eat tote te wy Teelea yerae have proved woeful Ito veevtoe.
ihe effeet ef fllmeat dealer on the etreee-etsala eurveo 
le etom ia ft^ase (12) • it le seen that three yeses of toe
eeae moslteal dealer tut vux^lag la ooahes of Mimesis give 
diffsmwt oKtmai^a oad reoovtoZ carves aad that the axteasloa 
te aad reoevwsy fsea fall estop rsaoval iaexeasee with ea it tor ease 
la fllmeat dealer fer a glvea load* tri faux'7 states thet this 
dlffeseaee la rstxaetive poser le te he oxyeeted If toe toxstoaal 
stress la toe fHemet le toaaidered* for a gives talat» toe 
tossioeal stress le prepertleaal te the fourth pose* ef the 
fllmeat radius ear altereeUvaly toe egeess ef toe dealer* Ou 
the eeae heels ef arpeaeat It le te he arpeoted that thle 
dlffereeee will alee he observed le ether typee ef etretoh yams*
1.338
toe prlaelplee lavslved la toe production ef hulked yesao
Oj.T 0. tree s-sti'cain. curve" of rono
bn] 1 "or1 yarns.
fl 3 > 3] . T^vni cni streso—ptir&in cnrver of





Fir-,1?. 'Fffect of filament denier on tbe stress-
strain onrve of false twist crivned yams
36.
by rename aotlhodB sure now wGl kaorcn. Hearcr, there appears
*9 be a lack of jtibliGiad infomdlrn on the laflmnoe of 
proooselag oarnUtlcne on the prapcrtlon of these jane and nine 
of Ue ^^^-oetlo^ns between Ttxloco pmamtuti
Juoag report 0 of fontaneintal work ea the effect of 
ptucoeslag ooeiltlcaa on phySlcSl ynoP**Xiaa of jamae ie the one 
bar JBu^p Ct. al^< ftugr atWlef in derloH the Influence of 
Ghngoa lu t«iott» toqpexatwae end taenlne on the proportion of 
cyl>m 6.6. yexne pro°anae* by toe fhlae twiat notkodet The
teuadon la the falsa tniot process con be aoal rolled in tee wayo.
In me nathod dneeribaA by the Peeimtiiet Onmpejy'i the yem 
pawnee orer a nonetant tansies derlen ecob *a o °tte teaeloeer 
before watering the heater end this le referred to an "arnneteat 
toKuiee r*v<anesligf*. In Ike other aethoA, uon le mde of
pnWLtlre food tailors and the y»m la fad throajjb nip xalloxe te 
the healer md the tiRalem ratlord by nhenclng the relative e^edto 
of ddLiwey and rlthdnoml. Thin principle in ganeixaiy em&oyad
on tho 8ocme& G*8* rmoMnwd** and my be referred to ao'Aanatftnt 
natanelan*, Snmlp ot of employed both of thane aathode le 
their larwntic&fina.
The etreew-etraln proportion of the ronUlteat yamo tortured 
wader dlffiNaaKt proomniag nowU^lcen ea notnrtnot taeniae apparatus 
eeee AntiimlneA aad it own fooad that breaking etxaimth eat 
Isna^mMid eoatly by thn nrn^NoOlng ^aepmetarn eed redaead by ehnet 
30(b andnr neaeoaire tmpem&era (tnHpoaatnrea eapnyed earn 130° 0,
rt.
199^9 ood &45°C). The bo«okla< ootooaim iawrowood with the
pxoowwaiag tcwpeootuzw mtil the polyaor haoaao wowwoclvoly 
dogiodod* tdotloy rwuOLto horw alee boon vapoxtod by Opohi^
who iafwetloBtod the pwopowtioo ef ihlww twiet qylon 6.6 journo*
laozuaolo# prw-toaoioo volooo (3 go«, 7 go. ood 16 go.) 
la proeomloff romltod la yovoo of door^i^i^i^od broakiag otzoogth ood 
oatoaoiom
Tho ohango la tviot (90 t«p.i.v 00 t.p.i. and 170 t.p.l.) 
even at high loculo did not ahoo any aigdfloaat loiliiatioa oa the 
oveoking otxwngth ef the jwuoo though It did ooneo oo inwraoow ia 
bwonlrting ootcnoian op to oo optima walnw bayond ohloh woeweeivw 
levWlo of tviot lwdoood the btrnttog watonsioa.
Tho iaflOMoww ef the pwoomwWLb< tcmpnoOiarw oo bvwOrlag 
load ond brewing ontoaWLeo ef yaaoa tcativwd on eonotrnt 
oBwoOLoo appwMtow ewe tho eooe ow that reported fo* the omrtaat 
tcnoloo appEovOHec.
Ao offowl of the auuwot of ovwv-foed fc2> W aod 43) oo 
bvooKinj load wow loww pvoaoonood than that of tcepovotuvw whoroao 
the brooking ootoneiwo i^Bovoaowi with on liMmawe la tho oaouat ef 
wvoav-foodt
Thuso appoovo to bo no imtoaotioa publichwd on the 
inflaoaoa wf puoooeoing poroaotovo on tho paopurtlow of ywcno 
toatovod by vovioow other nwthadc. It lo oulNprLoing that thlw
MCt of vosk bos Mt bom oorrlod If II has boon dono Ibo
iafnaAtion hoo Ml boon poblIohod.
The only otbor rofonottoo^ fOnad ono thot of Ibo
lofIOimoo of pMornnlng Ionpowturo on Ibo bcMkUg load and 
bsoal&no ontoaalon of ynsno IoMorod by oodfIod otoffor bon 
toohnlgaoa* Tbo ooj.iftoaIIoM iatrodooad vono Ibot of pm»
boding Ibo fiIooonto bofogo they ontosed tho otuffor ton* a 
pair of boMod rellom being oapXoyod for Iblo parpooo. Hr
on Inoroooo In otuffor bon toupoKattiaooo Ibo brooking otsongtb 
of porno doorooMd ohTIot Ibo ortantiLon to brooking point 
Iaorooood» ▲ nothblo foaturo of tbio rnodflod ireoaoa 1o thot
dno to a pm-boat toobnlgao it io poooiblo to ndMooo a 
doairod offoct at a losor iMpognturo and oith hoot appliod to 
Ibo pan for a Most tiM. Cmsmop^utB^ tho amount of
dognadotion consod in tbo polymer is rodaood ond thia bao boon 
obom by tbo iovrosod tonalIo strongth of pgo-heatod torturod 
pom ao oonpnrod oith notoaI hanlon poem.
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Tho oator^ioId^ng onp^ltp of porno torturort by 
diffovont rnottMrio deuourturatM tho dlttoroaiooo in tho otauwturo 
of thooo row. In TribLo (8) oro ohooo tho paroontago 
oator aboorptioM of roUood okMoo of parno^. Timo woro
»ostmtatsd after tho shells were iwwerusd 1b eater for seror&l 
hours end thm slimed to drsln far a spanflud tts Tho 
gemra! order la ao esyeetsd hat It lo ia^araiB^ng to mfto 
that ansm tho faleo teiat ordepod paras lmarssolag tho 
fUtaomt denSor prcdmeo a daoraasod abeoptloe. It lo elan
ahoorrad fra the Tabla tbat staple para aad eomieaono fltaomt 
pare absorb about the sess om^H of netnr under the test 
eoBLdtlcnu used aad tho onthoaP' has sisgsetud that tho eetar 
held la tha pare sill bo alnMst entirelp that dea to otpllliup 
femes le the lnturetioss. This appears to bn onrtrasp to the
fladiiga of tollies at eho hero shoes that tho oaplHixp
offsets ero greater thrn^gt anil oontlmana aapJU&rleo formed 
bp oontUwone fUHaomt pern that through large aad rough 
dlscamieaoos aepHlariss each as aro foeed le spaa staplo pares 
sad to a oomnrtb^^ lemur degree le tho bulked, pares*
it is probable that tha stoeit af water held le a 
stspoidsd statu la e bulked pare is gornrned bp throe mior 
factors
(I) Aannet of iateretlese in the parm 
(8) aiss of those lntsmtiose 
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6 tai#' per fiOmont
ftuBtJmuoou ftlmuBt Bplim 
2 duller per fllmmt
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1.334 Sfleot ef Beet on Film—at Utlea Ta^g.
The advent of CKumoplietlt uateriolo hoe imtoodnood mew
yoxne ohloh differ in mny reeruots fborn thowe lsodaood from natural 
fibre#. out of the imp’otmt lN0lOtlot ef th* oo yam# lo that
they cob be out# * #47*4< # tMt *s # fobrle from theee yomt eon be 
heated either olomo or in protonot of a fuelling agent* eo that the 
oatflgonutioB of Ite ooetltuont yomo romOlB otoble daring momal 
uoogt of the fOhrlius
Porvoxd and Teluntr 49 carried out o detailed imvootiOratlm Qf























Am a damn apl* yarn ia wollaA ia n Ay
«ta^haw» Hom to ta*aOAa*a tg, ita Imgth iunua a*oa
to i% Oa ^CiuaAu< to tha ang^anl to^aaAwra* tta 1«<gtb
taammw lo ito Mia*aal uslm Iq* Ua mm of opmrtiam
oaa ha ragMtafl *j nui.am of Ama* mA lOlOiM tlu Uaitu of
rntmtaimal mmm* at a gtrnn lOugO tho langtu * tho maplo iu
ahm/a tho mm (iaa« to O5*0 aa# hj no t%. Oo larcuanlblo
ehaasao IM tha IrngtO of yuan am omaoA tp tha ataapm IM
iMpamtam* uaip imunihOa uiamgM uoow» Am* tha yuan my lo
aul* to hu uto uith uaapual to tho uiO^adL tuapuiutam.
Mauraa* tteM tha mm Moua pun la laaOlO tu t«mmluuu
tg* tte luulO of pun daocaaa•a Aon 1* to &* fn uaoliup to
05*0 UflUiMi ultHuu^ tho lrnpth Iiumumuu to tj» it lu utiUl 1un
tlan tho ALtlul uUluu Lq. lluirtnn um ihotJou apolm of huutlmi unO
MoUUug l^fUuuR tg uM 25*0« tha luuphh lu ul^uupu the mm at a ptarn
aau^untuau (& lt tg uuO L. ul #5*0 )• It urn, thouufarn* io uuiO
ttut Mrlus tha finrt hMliug u pu^lUlly ^nuau^h^ dnunaau in
■z
lMpth oamrai uuO Ouulup ahOu•yi^uH^ loul^i^ipu tha lauwneax iu
ulaHa* to that of tbo flnrt tMatiop* Ipu^M, it uqp lu uUlO too*
tha pun ia uul WLth xaayuOl to tho hlphur h«^|uaahaao.
PuuuuuiO uuO Pa^iuU^O huuu fluhlott ufcauu hhul tha UhUlhOapa 
of nploa 6«6 pmou IU On ltla uuO in ahOaa iwiuu^uurt lUt^wuly nith
l^hu^aalaua unO Hart at 150*6 in Oup lanOt a lUuuMuu in leapth
oaiuun uuO lu IwuNUuULWLOh lhiu UlollOup* la has;raMllla ftr
tho incumnia in tho auun.ta■O OuUlM of ceIiibuO mrlan p
 OexMots mode fern bulked yurae are geuenlL jr flnbjeoted to 
eternt met or dry beat netting ead flniehinc treetinaistai. The
ebjmnt of thoee merloee treetnente le to ingert MnUe, ebaro end 
aaae degree of otability te the ftMehed produnt.
All bulked yume eokSbit T*iying bagr<aaa ef ebnnke^ under 
the lufluanaa of eltker wteea or dry beet, the enumt ef ehrUdoife 
depending en the pTerloue thermal hletoxy of the yam. amdue
end tl^a-He® found that under djr beat the ehrlnkage of nylon 6.6 
ynim te leee them that under etean head. fhnt, to obtain a 
alodlar decree of ehrinkage ae that due to dteen beet, a meh higher 
t«ay>orn&ura in day hmU eettlnr le reeulred. Xa all mee^ homama^, 
the ehrlnkaoe will demand u~or» the araaiouB thermal MnSfocy of the etreteb 
yam end mill he leee far yame originally pvaoaeaad at high t<mpasaturaa^• 
■tn.ee the naaa^aaananf ef free ahxdnk•ga will yoromdc an i^eetion of
the oMeIette thermal Meteey. Hite Obrtaae!y boaonaa an lnpartiuit 
footer in the ef fabicr^oe end CMmeTtm made flaw ♦omtured
ynmvi.
Menden end Clater*® Knee ffwen that the yarn heat net by 
day heat hare an egmmlLent tagy«!aduaa mhloh mould give the erne 
amount of ahriuhaga Xn atmen, and thle hae been tarnd aa the 
"hguhvneMt ateen Setting TaagMaaAuran (K.8.X.T.). Xt ehaald be 
reallaed homerer, that the arount of ■lhrlakaea mill differ on to
ahadbar the yam la aHemed to ehrldk freely or ie held to length
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daring it# pro"^^ taunt aent, but it io the £*3«S«7« md mot tho 
tupsMAmre 1q hoot wtdi& will dWterminu the nuteuetoy finlehiag
wuMHtlomo for tho yam er fobrle.
l'j* « i«hg,m Air
if after talklug# the yom 1s oltawd to oWink fTwoly during 
psoototlmgt thm my fhrthwr ehrlidago after rohoOtimg io termed oo 
the "rooidaol ahrlmkogo*. it to thlo yzeperty whim Ho mood in the
diOtuMtiMtlM of egoLwalent atom acttJBg tmpmntttre (g.8»S.T.).
B.8.6.T. Ho determined by mwoomlmg tho ehriukogo pwr ooot, I# 
of tho yom ot timpmauro 7g in ot on. If tho rate of ohrioktgo B
(tho ohrimkago oegffHctattj Ho kmom# thm the preoleua tcmpHrOturo 
Tj Ho cHvm hy
Tho ehvimfeoeo owOflcimt < it 0.1 ± O.Cf per omt per dogroo 
tMtlpadw for mo*. eylm 6.6 yornr® umSeor free whrinkngo ceMltloma 
ff<eNtNr", im the pMtoWJm of ot rot oh ood balked yomt fTwo whrlikagt
dote mot mltoyo toomr amd under thoro oonUtiooo o ohrlrkogo oo- 
offiodMt of (qhpttjdmtcly e.1? pwr omt pwr dogroo comdl'xMde Ho 
ohoe*v^M^^
The onewmt of omoh reoidual ohrlBkogo rtll depend on the
preoooaiJig ooMHtiomt Mplop-od im tho prednoUon ef talked yamo. 
hQ
Jhimlp hoo etudiod tho Hmflvomeo of toflQMMturwt tcmoiom ond toHot 
on tho rewidool ohrlntago proportiee ef oylM 6.6 yomo oriBiped ky tho
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fhloc tviot mothoA* It voo ohtarvud that thoro voo no oi£OfllUttt 
<11ftaamoo lo tho rool-dual shrlokogo of tho Maplo vith rogard to tho 
tomprn&turo foo'tor. ?hio dorno mot ooos to ho to ocoorAAC* oith tho
gonoral theory t^Loh ouggooto thot tho hlgWop tho psoooooiag 
tompo«tu?o> tho lorn io tho rornt^daol ohsinkogo* Tho offoot of
tomolon ond tho ommt of tviot om tho rooidtaol ohxttafcago of tho yarno 
woo olsUftmot. It io srnaonmOriLo to oooomo that tho hlghoor tho
tomoiom tho groottow io tho smolotnomo to ohrlakogo oa tho hwotor 
of tho foloo tviot app^tao aad thosmfore tho rrnoldaoX oJurltkogo ohoa 
m rootraint io proooat vill ho groator thom for oonploo proornood 
amdor of low tornadom. Tho high ro^Jlfto^ shrinkago of
yum proeoeeed unto* ooadltlono of loo tviot io emP*lBod hr tho 
fhot that at high tviot loroolo tho yam opood voold ho lomu oo 
tho yom will ho oa tho hooter ploto for o groator period of timo 
oad thao vill horo moro tmo to ohriok, ito rooilkM^ ohs^akofo 
tondlng to ho lov.
Though tho ohovo findingo roloto to tho yomo cr^ipod by tho 
fOloo tviot mothodt it io sanoQMble to pseeumo that oiOLlar trmdo, 
oith hmmI to tho proooooiog oom&ticma, voald ho copootod from 
othor typoo of tootanod yamo«
Tho mOm otftlot for hulkod yomo io ia tho taOLttlog iothutxy
moocp for TmoXob air t^orturnd yom ohioh hao tho lornot omoaot of
atrntchmhlity* hoot othor typoo of taxturod yomo om diffioolt to
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weave te their very ctrctoh prepsrty.
Boleo trial crisped you»t hors ham utawOvcOLy usod in ths 
a«Mtfkcn«ats of half homo and i-Loren fhtriiM for opoahL pnrpoooc 
onoh a# este-sulta. eta* Tho high cartvooiMlity of thess yrmo
psooioaud tlmr aso le 001X101 a kOLtteA eat ossein? Mid roAourioar floldo 
hit rlth the AnfOLopeoit of BOAfiod fhloo twlot orlapod yarns, ths 
o^os«eae flsdd is hOiog ^omasLagLy otplcOitod. Staffer boo
oXaptA yams am yarlaslpslly aaod in the featting Loduetry. A
norlsity of yam AeOLesa io htattcA ot onOhLseo of AlffOmst googoo 
to pxoAaso lnysmeeLra foot aid wit taVrleo. 8onc of this yesm
Is aise used le the eoaO^^O^ro of mOwn'esTi tars recently soar
ktat fUhsies fte thooo yams hooo boon denloped tad 0000 to hows 
mde a gnat lQ»tO for cash ynrpoooo os Amos antorilsie, bieuoal, 
eoiwtwr, jaokOto, Loairwear mA ores printed otonkLogs.
Tio nia usa of A^lLLeii ls La thm pxaAmOlon Of hooo Wbhoro the 
yam yre&ellos giro o fihrlo ohLoh hao do0lnabLo proportion of 
strntOhv At mA ippontatc^t A certain anaront of this yam Has
aluc boon used La ^nsp^t-ii.
Poet missed ^Llon yem (l«s« AgUon D) hot hoot found 
omtahlo fw ses le famttod curterooor sad ondocwor* ALthca#^
a loKifc proportion of A.$Hcn 9 yam hno hwn oood le mfl knitting, 
MVosi speOiillty wasp taUt fnhrloo haw also boon pndaoeA.
Tens pmdaeod hy the TsOLaa w^hcd han hoot wool for 
oorloty of prodorts oooh te won’s startings (pOLyoOtor hind), shoe
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1mm (gylm)f rtapaay (glam), MacVing (egrl<3a}B tenting (nylon), 
aeok^rtm (eMtato) od wommm eweatarn (aoiyULo fibre).
Botlag eoacgrod tho oerioue MOtbe^da mp loyod Ia tho 
ywcdnotirn ef hMked ymaw tbwir pMenatiee and met* It iW poetMoM 
to oomSdior the took thot hoe bean dm in rolnilea to wf krtttod 
fOMLoo • tho mOJeo outlet fow talked yooae. Hoooeae* bofoew
hMked yam ooun tw ho dOtoM&vtly mead iM tho waft katttJOig 
iodnrtxy, a ooMLdowMhLe noamt of eeok too puiUliahed on fhhrioo 
knitted from oonwurtiauM. typoo of yamoi ond oMo thie weak hoo 
fOowad tho butte foe tho dovWLoomiat ef Ih^ow poodaoed Ikoo bulked 
journo It iw fiflaocooeay to eewiov that eoOk*
1.4. riMBfM!. Iropiftl^M of KiOttiA .itbrliM
<
Ernttsd fobrld domlstd of a yam or yorne firmed into a 
ewtrix of iatorl<oktMg loope oMionULuXt im all dlrdOi0da, tho 
grwutoet artcaoiM hoiag along the length or rtdth of tho fahrtoe 
The loope oxw MMiCained in thie eamigaentiim oo noth hoe ot looet 
fhmr oroae-Umkiag prtmta of oamawt with ita BoighihmrM hattaugh
thoeo loope ore hold im thie e<cmllpoatido, they arc tartly 
distorted hy ■wcm emOl otraMe tot in tho fobrlo, thie oddwuniog 
for tho highly 001001^1# mature tho knitted ftbril no dOdlorod
With ite worm owunaepaot.
JaOU reootttly ia tho wOft krttttag Iadmtxy tho onpha^io me 
on kMttMg brt% more of oa art thon no eadly mtdjmtoblo ooohBoB.oU 
proewca, lo tho eonee that a krtttwr produoud a finAjhlwd fohrio of Mie
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rami rod ahmaoe«OrlOlee and dtacmrifluu hy use of hie as^^^oa 
rother thao hy aay standard aentxola. tf<onmwv WLth tho edvent
of dorelopaeat of oev types or yarns, iAereMeod fabrte prohoOiao 
aad tho aeo of ooeh larger aad eonM looted ooehLaea, a realisation 
oaaa to tho intfoetQr that tho tioditifloOL approaoh had to ho 
ohmged aod that tho dovelepoeot of kiO.tt1O< ioto aa effieioot 
Io&uOsSVOL ^eohoigae seat toko plooe.
It io therefore ncO aoz^^^aiag to Amd that im tho reooot 
years may att<nyta have heea made to estOhlich haste rolstamahipe 
ohioh determine knitted fahrLe oha3nurtaSVatloe im terms of yarn 
prepartlee md kalttlig variahlee.
r
Qaa of tho etonier attrnpte to iAwooigata the fhhzie 
goonetq of pXxW hmt etxuoturoe io hy Ghamhorkom2. hr
aooum.ng certain geomet rloal mOHLfi^^^eas taken op hy tho yarn
ia the otTuciuTc at one pwtioalar tighttioee of kantlng, he 
eaggeat ed tho foliowiag ^^^^^eosh^pe hotweem fhhrle ocoai&znetioa 
measured. in tom of length of yam (€) im the stitoh aad the 
folloviag fhhrle dimoMaoaax
utltch dmMiiy s . ualf
WaXas per ineh > 4.15/A
Oconee par ineh * 
end e«p»l •Ov»p«l 1«1)
Wlteh density is the product ef the e«p.l« sad o«p«i. Gha^ce^]!^,
hovera, was wmble to prove these seX&ti<achlpa eo^e^an^^ly aad
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therefore, ho oaos to the oaaaLnolon that the psooooo of taMttlMg moot 
roMOlm on art end snOLA wot he rsdneed to a mow eelastiilo lernA.
tetter* AhUm?3 esLMg tho same snOjM.o wo that giooa hy 
QboMbetetm* ohtBitod the Mint toXatimdipo hsHstm fhbrlo 
onetrantCoa oad Atario 'dteenaioiaa Fa&mO* roeHtlny thn
IteltatCm nf tho f^wMtee shtainod hy Onm«rlmlm m< ompLiahhlo to 
oMLy OM thAWteas of kMttMig etrne the ratio ef otlteh length to 
ymrn diameter eon ogodt 4s 16.6, sttmptod te oMtond thn fecnrtry Of 
thio mOAH to loon tightly taMttod fhhrica ood oogaeotsd the 
fhll<nite< fhemOLss
Mitch Uncth / - Ip ♦ . ♦ 5*54 d« 
tOwi > » mwm ajptttae, s * mis Ofteney mA 4 « ywa dlnotm.
ilcttefcw mA BAtmte iwwListetes tOs tOms wlaOtmtOip
nryriiwtalljr As ACrlw sf ssisr koltOA sosatmctlOM, kAttoO to 
• wide nap of atHOh lengths an# Am a mriety ef jnuaw. thw
loos io gwstvA, bean shls ts lot«qmh their ssaolts io tarn of o 
WHainnahlp hotnom atltaO imgtc 00L comas aoA eOLa qpoAafi. 
oa tho aoaerl.oOL onwtaaha Otfnlnai ftoo hoot fit oowos how 
MAwed oidolj Am those gLmn io the f^iotico tOi tn faHm 
Shay fhithw champaA that oftw the fhMLw owi LaaoAarOl, o 
pornhAio tatetlcoMhlp erlst'A botseoo aaam ood sale apaolag of 
the Ant
f? • a (• a h)
ahare tha maeim! eaten for and ’b* msled with the type of
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knitted o'CmCiuotJOa wad typo of yatm mowt.
Foa tho Whovo it io olwwr thwt tho wwdiao wttkopto of 
Caftcolnlo?* omd fodwwW* to fwilhi the jooaokirt tai lwlatlMwhlfe 
of plaM kMttot e^^^tovoo won mootf oBixaly mo»owOn^« The
attain for thio foiMao partwhly Uaa in the teat that thc mode 
they oommad for the hatted loop ano Ih» fhoa aMity. Tha ^MW 
pcopoooA ty Pedrot?* oaa eritoilacd ty LaatT ond Ol^xM* for the 
aaaaoa. thwt the modM nodoaWitntoa ^^^a^iai^^oo in tomona! 
rtaoia ol.img the loop* Aa altaMMlvo ml<W pnpoot* ty Mwm
tamand thot tho laoJoetoM of the oeatwl oMa of the yaom on tho 
plane of the fhbrio iw oubpomWI of otiaMma nmoi etc oo^otoMC with 
tho ph^toU ragnlToeomto oaA too w dfrtto ldymomwM npa the 
paotiome mrfdO* Bwocnort they eleo mro mmWlt to oMeta
omprtartad ncAte tbat oocroleted ooiomateiy oM ooMCMaMly with 
tho r^Ot^^m^^M eagnacOort ty thalr moat»
•am.” ty Mlog oa cmmnmao iMLtlMLXy masmitod by Loef^° 
p aopoMia emOlrar nodOU ty ommcMm thot eqy ktao^noomt etziLp
of ntfoMal boM into w loop Mill oIomm toko m the oomo 
ooMIatzMllOM, iBdcpomaont of lto» pkyMccO. prosMOtloe on* pmK 
MHooiag thot M mrtorlal pluMli floe tckee plote, MMdtM woo Ohio 
to thou thot the dlmcnslono of plaM kMttod Muto w<oee na<goMy 
AotdBlmoa by tho lamgth of yum kitted into doth otltoh. tor thio
to MPly» tho fhferlo mcW he in itw oom^pi^Oly roteed otwte* or
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alternatively ite Mitfi<gm.tlon net ooimMMd to a etate of 
ntamm OMSgy. Tldo ooooept of o fhlly rdnieA otete hoe ployed
eo teporteot port io wedenetmindjog the rtleonoloml pzopiotlew ef 
knitted fhhrloe.
Io XW3» SoIxC^ ooo the Arot to ehoo thot the otltoh length, 
or the length of yarn eekiag np om loop, oeo eloeoly related to tho 
otlleh donUty for a vide range of ploin fhMleo knitted under oorlaua 
oomitlona. Ae eaggeeted thet ao o parameter of fhhrle geOlty
tho etltoh length < oaa proterahld to all other#, eueh ao oonroee par 
ioeh or mdoo per irnoh ehloh more trortltemaHy uood end ero atill 
uaed, eo the etltoh length lo moffoeted hy atroino eot op In the 
fhhrie. Bo alee imdtooted that for eomodroiimL plain knit 
oemeimtiena the otlleh dornUty ef tho fhhrle in the relaxed otato 
io given hy tho folloviag ^0^x1
s • “x/^
thnro 8 m ofttoh Amity, - lwgth of jr*o io tin stitch wA
ki - eonrtont (approx « 19b))
Thle oamotant kx mo found to he independent of yarn oount or 
demur, tho typo of tho noahne on ohioh tho fhhrle meo knitted, the 
knuting t<meiomd or any other yam or neehlneo varlohleo' Thne,
It foltaio thet tho fhhrle dinonotone are ttaiqady determined hy tho 
length of yom in tho otttoh. Tha moUd appear to ho omradiotetty
heoouoo on oeperlomoied tanner Hl deoarlhe aany yam end kinLttjng
»variablco, ell of ahieh flom bio aponiOmee, affoot tha
otoxoacoXirtina of tho IMHo* Itbrico* Tbwe yam tad mothoo
vaxiabltt will be oot^(^<^td in tho nox ooction.
The flndiag# of JDcIo woeo oomriraed by #Mdtm>' oo 10*10X0* 
la the provioua Motion ood hid rooBltt nay now bo ausaMnX.lota on 
follOww#
(o) The etitah deMity 8, lo o more reliable Mononro of fabrio 
quality thou uitbwx oomrooo (o) or wOLco (w) per uMt length 
alone, oo it iw lewo offeoted by ooiOLl at Mine. 9tlfchi denally
iW given by«
8 « e«w» — ————— (i)
(b) s-kj/j’ ----------------—— (11)
■hose# - a tbe kMtt## noitah IwgM* The ooMt'int kj lo
dwtornin^ aBlN^MtBtnlll ton tho olopw of the gxaeb of 8 
ogaimot
(o) e (i.p.!.) # (in)
(d) W (we^i#) • kj// — (iv)
Ia (ill) ond (iw) - io the bUrtted otltoh lomgth ood k^ omd k^ 
arc oonrtaote dot«mlmoa Ikon the elope of the graph of o oad 
« n#iMet 1/L
(a) ©A o tg/ j o k4 .................... ......... (v)
idMaro k* ia a ooiurtuat.
It omm bo ooptbociood again that all tho above xwlOrtdaB•ila
hold good oBLy im the uaoc of thUy reLaxod fObrlce.
Ub uoOOilia; (l) sWL (x).
s • 70^4) ----- -------(ml)
and w • ^8/—)
in xolotlLm (vl) sad (tU), 8 ooxi ba aaprotosA by (ii). Dwo tha
length and tilth af o fhlly valaoad plait knitted thheio oars be 
aslesloted fXon n end • and the total noahse ef sosonse ond noise oad 
depand oa 1 and ths coaSMOBts kj and k^ only.
For a range of faki&isi kMlted fra neewtod «aM wuCliea 
hi ended yaaaOf thm foUmalng k ealwMe altar Asy <aM vsO xnlomailcw 
have boon xapaXiodTi




The rolatOcnohip of thn type shown ia ngaatloo (ill) 
oanaonii.nG tho oaaroo spacing with Leap length hao boon ail 
uatahlldksd for plain Ahndoa. Paa wore eoapLioated otxuotaxon
Llks intorlOok and double pique, the nsxxaapsndiog relatione arn 
nut oo simple awl ftpeoexOly eentaM a teem inesloing o ywoa 
llaM4«nX0« BUtlag and ■..■■fll attcoptsd to goMNOnaa the
gaomaiiqx of xaff kitted fbhvloo, xuolluMg tlwt it ia dsaiooblo to 
xntoin tho oiM4l^^ty of agpotlcw (Hi), shlah woo hn axittm IM the 
foam
!/• • Af (riU)
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wmcsc A Xo o oomCtoOt saluted to the fatclo oooCtnoetloue
%u order to gooorOlLoc thla oqtaUlooi they Introduced o
toon lovalviog tha yomn disaster oad ocommd that any diamdsr 
affect woOld ha lMocr omd additive cm! aleo the diooCaor io 
present ta tha oqocrc loot of the yono oooBl, (tco)« The
propaoed gooocOl cgcotiou ooold, therefore* ha wnttem im tho fam
X/s - A e * D 7f
or .A ♦ D Di/»—................(m)
whcra D id o oomtomt so^ttod ta the Ihhxio aomdirioctfcm mod T lo 
tho oeoM io the tec eyetoo.
To find arf'ffiii meat ally whether (io) soproaeato o noaoowklo 
tooeocOlsotLot fating mad Leaf knitted o scone of fahrio 
ccmiOtnwrtleoe, mdmg yorno of worioao types aod odoMs* The 
Ihhvioc were sat noriOmcd ood mdccanuonuto mOko oo thou indicated 
that over tho ungo* <f  ooummorOel MsvOae (!•<• fandom for ohioh 
moves fhhdtos Ho h rtsoac 12 end Id) the offhait of dliwCter 
oonrootlcm osme mot vary marked ead colld thonofaso ha oogleoted for 
pomClos! purpeeuii. Thus tho authors aoggMt that tho atopic
ogshtlem (wil) ooOLd hc oood to dcoonihc tho goomtiy of foir&y 
wide range of fhhsicc*
It hoc hoon oogsoetod ty MkOom?? ood NOt^tiog^ 
rn^uoc af fario gonoCtny oenotoOto kp etc* dopoak upon tho loop
ohspi' totting hoc keooeihod tha Ohamga Ihem dry to wa sofcock
otato oo toUcaei fatimgf tha stoto (dry solOmod) of hdlamca
or ■gaHibiiMM Ho Aiotnxbo* aiaoo tbe ptydoa otwowtiocXictioo of
tbo Ubaoo oxo oltiaodi tegy ore, tboroftia, oictle to boar the ooao
ntrwwo on* tbo oceouturc la all plcato toonmao greater —• Tdo
proonodo wBll a orcon* foam! atato of ogULllbxBm in xonofco* la
a Ally rottid oM fbteie".
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Xuttlag on* Ltd bavo do^^^^o* ttMOXrtioolll tto
omM^HI^oo ubAot otinh two tlsolgghft Olortio mode rUl take up olMlar 
ooaflcolxtxtdMO ohta detourne* ty fbotto ond couplet appMo* at their 
aMda IXom tbo gooMtrletl omOiydle It oct ohoom. that the 
anoeoomuy ooBdLtlM lo thot tbo actio of tho Amonol omd teniMiaL 
rigidltled of tto mode flhould bo tbo erne. Abie laHeo that tho
otipt oif tho kslttd loop and banc* tho vnincB of fthrle 2oi^0I21 
oonotemio depend oa the actio of Amoral to toaodmai rl2laltllw 
on* provi^doe an «aplimrtl4M for IbMda atemgeo citt obonwo la loop 
ooMnigaMtl'Mt
Ito loom ^kW^iitlng i# ow^l to l&Psf tbw fWlJdMlCf
throw dji^l^^&eot towiaxwa uf the talt&dd .ttrlOds 
t i ) Zoo Lamdln f the fabric wti*h la dlawotly
auewoiaied with yam goUty 
( li } ^<o xa^iOiwaCj wf the fcB^lttima* ooM^1irn.^1t^im 
(ill) The Ol^iUwto or cpeuatda I ttc. knitting eonBtzuctl<m«
Au In i-wy uthex ioluataioo, gasrlAty ooatrol ot^^axdu arc 
Lunoalmg* imcr vaaiB.ggi.V iu*HMr£ant On too Tcoailo ImdM&jyy^ • too
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to tlo Ktwdtxdn of gaMlHy mpnntod ty xotalloas and 
nmoaoeeo. for thio pexpona* tha owe of otltib loogth ea tha 
goollty yaieniS^tm lo eon eatahlJS^od oad pxefaxxad to my ether 
porowOox for tho xnnoeae already inlisotid emXLions H^rthaLsa^e^.
toy eoporleenod taoltter will looodUolely 6000x^0 knitting
voriahLen theft offset the AiosooLanol aad phytOLem pxgpiirilee of 
thn kaitftod ihhxiae* those voriahloo any hn divided lulo too
(!) JfeMbUMle^SiAllR' Can aottlog, suAbLea ysugw, aaoALn nod 
nlokox tiOiag' taka dson t^sonleo, yam lopuft taoeioo efto. ted
(iO .]&INIOO.JBHhlbill1 ^nwS' twin, MOrtOn, oooUlftloe' guO^ty, 
oax, ^h^o jf^A^o^o^o^o etK«
thssa variabLeo moi hn ooatjxVLlsd to aaiatalo a ematast 
0.^10^ length haomeo it lo thin pmMLKan rMoh La rsapeoKLhln for 
tho change la fahala gdsuty ea o rooOlt Of 4toao<n la the abnerra! 
vartohloa' These 00x10^00 oro» lhor<eoxe' ooMiAarnd lo naan
detail*
(i) wrinfflw
lo pMotlao» knitted fohXLa gaSHy le nO dxfaroiOed ty thn 
oils xt Hoa of the jam input tsaalsa hot the odjaetwesl nf thn 
ooaa -amOtrcl te pseitloo tha oondlon te draw o epeOlfte length of 
yen lo aaah loop. Any raxiotlM La yarn iapot toeslaO' fklotloo
end nthne 00x10*100 may OMoe ocMi^foaO^^n dlfforsnewe lo otlteh
length ot any ms wans enttlag' hat hoOloOliy thio eeMtaOL lo the
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mOu ffnwriWT of anolity oo uaohlmo not aghlrsoA with angr font of 
yam fo^f^g tonriaa- Tho moat lnpertoot offoot thcca mcMm
ocYiohloo hovo m thc fhhcio lo ttot Oheagoo orc acaacd lc IWtaia
Tho too maO iagortoct yoco oarlohlea hora hcOM food to 
ho (c) yam lcgOt t<eo»i<n (i.ea tho tocoloo of tho jam aa it totem 
tho feeding foist) ocA (h) jam fttotlcol popurtlnu She other
jam tarluhlcc ony cooec Aaagce lo qoOlty if they Mfodt oithor 
(o) or (h)*5.
Ito Ulootiota tho dgnlflcowoc of therm too corlnhloo 
mtniiu A<onMCmt^ thot at o oomtaat corn oatticg cod Ihr loo 
Martian oosotod joo# o oarlotico of oOlj 7 gtu lo tho yam input 
tenolcn raoultad lo o 1#6 Manga lo otltoh length. The note of
change lo Otltoh Xogth ojpoanoA to Accasoaoc eo thc jam logot 
teoaicn inorotfnrti thue o locos mega of lapat teooloao poMocod 
o laagcr otnngc lo otltoh length thao o higgles toaloa mega. Ae
alma ohoocA thot frlotloual mriotlooc hotccoo too othosOlcc 
idCotlol jumo rcaUtat lo oafhod ohazago lo otltoh length and heooa 
lo fahnia smiOX^i coon Choo hatted ot tha ono ooo oOttlag end ot 
o ocaOtaot jam lojat twnloo.
1<5
1*51 0 i
A oosloin ooornm af ooeh hoc ham puhllohod m thc cmlaotloo
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of hiq-cx msUI peqptftloa of fhferloo kmlttod foo talked jnme. 
koounoc thc i^^^d^ot^oo of these nmotypoa of yoma created nao 
pxofclcoo foo tho kalttlog Iidnatoy, it woo sutural first to 
10000X01010 cm! andowatawd thc flhhsio gooootqr of plain knit 
coastvadtion end olao to wCndy thc lannonoN of curious taotosa 
thot offoot thc proportioio of thaoa fabricc.
The Arnnal Corn’^irmoc of The TootUc lnatituta lu X?61 woo
dwfoted to tha aubjoot of "Polkcd Tama end Other tooillod Tartllos".
SoraosO papers aero psoaoted on tho oppUostion of hulked flhrm to
thc prodortloo of knitted fshrlom hot aaeh cork* differed lo thc
proamtotloo oad loterprolotioa of hlo rms^ta« lo thia wantont,
67it Ia pwtlrnont to gaOta thc osOLing-op renaMc of tho ^lal^^nn 
for thot ftoOfrarnoo M soid« "X rcfcr to thaw papara ooOiag
fSoo odocOiXooOL aatohll1rtMomtw end together clth ono
r*gon faco industry?, which era Mdcaly oouccocd wth tho prerlaloo 
of dote XUaatrotVtag tho offoot of altering p^i^^ng ^01.0^00 on 
tha prop'Otlca of tho rooultout yomo and fh^]aio^» X horo to
O0mtcoa thot oftor hearing serosal of these papers 1 woa pretty anoh 
lo o fog» hp difficulty ooo that moai of thc papers gora nasoac of 
data, which, lo tha ehcmoo of any thcmrotloel fsunis-doifc on ch^oh 
they any hc hang, osnid neither ho sooMhorod nor endonotootf."
Mo fhrthos renamed and anid, "Of course, thia lo Xnarltahic
lo tho outlier stages of lorelopneut of any ooionoo or tochsoicgpri 
the first gocstlooe io hc asked lasaolahly hog-e wLth the word
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'VhatT1, on* l la oBy ohm ooqy vWhoft.M qumtlono haw# hcM 
moouao* thot it lo fmithX to ook Moat fuadomMial quMtlomo 
initiOt#* ty ito vwdo ’irf* oM ••hy?’. one hupM thot la thc 
noma tutor# one noy ho Ohio to awly 1cm m amory mA moat m 
rnDdOutoadiii* •
la order to yeouldw tho bnokgurwart for thc dlcMooim oad 
aadoMtamdlag of tho Mbjoot, a Uricf meowy of ^meorl^^io took 
m plain kJBLttod fahriM prodoocd Him tMLko* yomo 1# glam.
As thio manqy will fewqmMtli lavelao tbw mew of th# toamo 
v&Oflp rlgldlLljr' and >Yioau oollnpw#'# tboir ddflrttlma on* 
IopllosiileBo «111 te oomoidarod tint.
i.$8 Tumi tfrttra iftirtUlT
Mo of thw moot iaportmt propertlM of talked and otaotoh 
yorao la the oteoagth of tho orlop gieiog rlaw to Iwgitadlmol 
‘yarn ooliippov* # Tblo property hoc boM soiled vyna crimp
riglditi*^ on* lo ooid to afoot mot futrlo proptfXIloa oo hnadLot 
diMM^^oBB, ntootlolty ond app^MBOd.
the toot for tho dcSiornUM^lM of crimp rigidity of a yom 
hoo hum dciLocd ty B#A? .R.d. Tut omditioao havw hcm oo
obooM oo to provide a oloplw toot ond yct mc ohloh ooald give m 
ladiMtlon or tho •0•oNL<cdr of tbo yam la tObrlo thm. If *1* 
la tho length of ttc yam after l^eodlng for tow BlMtM at 
0.1 gia./dMlor ond v^* lo tbo length after ldaaimg for tec alaotm 
at 0.009 ga./doialwat thc orlBp rigidity of tho yom io glam ty
5».
100 n H ° Qfc >. AU MOMamMBle am canHoH eat lo aetar
*O
a aoPc.
Unco the yarn holh La the raaOU nf the Knllopna @ the
yarn face Its straight oaod aoOULtlao, ooay ontheAo loelollog the
oaaourranit of oHop rlgLAlty ef o yarn am hoeed no thio prioelyle.
The non nf the toon orlop algidity la eTtao Mt occOLdornd proper 
69ood oeeosdLog to Uuodeo ot el. thn teem rigidity has o gcartltotioe 
olgoLf^eoooK ao Mho ratio ef the eene prod&o&og dnforoatloo to thn 
deTMemtiaa Itoolf. The orlop rigidity teat does nO oeaaaM
this quoaityi the onosoMWoOt obtoioel ie aioply o qea&tltotivo 
osaouMwoat ef the degree of the eollapoc of the yore eton Ite 
etraLL|h*inied woOdtloo oadon o glma defasMog Load' Xoadcn Ot el., 
tharnfOrce aoggoOled thn tian 9?<eneatogn yarn ecUopeeP ao o 
ooooum of thio property.
ToaroO0 aloo roofed thn htlklag qaertity of tsatoxod yoroa 
wed deflood It oo the •iPScsrtial otratob peMoMtago*' la thia 
tout o 100 MOor longth of yarn woo weood on to a hash ood efts* o 
xoloeaica tjaotMeSt' aioglo strondo of yaxO' each of 30 on. length 
mum leaded OLth o load of 0.002 pi./dottor aad oftsox ten alertM, 
the Length of the yam won noted (-0). Than the aoMlso worn again 
looded with 0.@g./<dodiex ood oftox tee aleotco eton loading, thn 
Longth of tha yen woe again aOlad The potential atMteh
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pwssmtogc fefe odlcOL^ci foo tte tetela
V JuL.
*1
fiM method wed % Aodm at a1 « for thc Moommoent of
posmottago yio oolUpsc lo eiolof Xo itot ioorited shovc erccpt
that for hoarier loading they uaad G»lgn»/&«nier lostaad. of
Q«0gv«/4mtar» fhaum oothtOe of neonarvag yarn oollopoiog
yvop<atloe differ fcon tha eiandord orVivy rigidity teal lo anay
noayoot£« lo particular, the yoco le Ch0S0ugaly .ndOaod hcforc
tho aoaaanoee'it of ito collegelng propurtica, sei sloc ocaooamoost
lo undo oa individual length* of yarn lacteal of on a look fooM,
It hoo uoco Xouei ihot ihls loiter feature lod to ooo ooudotent
sal roliahia noaulio« ALao ihc ortur of loud fag lc different,
X»o«t tho lighter load ia applied final follwood tgr heavy icsd.
•n
Il hao heci IivUwMod hy Arnoo' thoi ihc ywo odlapaa 
od0ouroi hy tho method suggested hy violas at ol. "" gone o good 
ooxrrOittiwo clth ths stwult of yam oollapae thot oa«.odLly ooimtiirioi 
1r tho fahrlc and tlol ihc orlop rigidity loot mao ¥0100-10X0 io 
ihle regyic^t.
gcCoo md CtuniQM^72 ccaoncd crisp rigidity and porooMtago 
yam ocilopsa for o rwpo of fnloo twidi nylon 6.6 y&sno pwoosaoeA 
un^ior various different comthiAOJona of idiot osd lioopavOtcre aed 
have ohoon a good occnnolctloo hotr^osn orlop rigidity and yone 
oollopce voices ir^ownociiiio of difioranmaa in prococalAg dondtlcne.
«1'
to Mho hosts ef Ibis ohunxnOtlsu' II le evident thoi if Ammo Aid 
find a ssed werxelotioa betrawe pasoestoge ptosi nolinoon lo tha 
ytM Torn and Iha yen nwllspKK la tho Thheio fees, Ihere lo oe 
opjponant rsooca shy Msh a KosoaLstloo ohoOLd net ba obtolood 
hetasoo yam orlop rigidity and tha socutt Of yom oOLlopee in the 
eWhXiK.
doth tho otlteh leogth aad tha yoM orlop rigidity olU 
ofTeat tho atlteh leoKLty af fhhXiaK knitted torn bulked poms.
MhOcw aad HotahWO studied thn effect of Mhoso ton variables co 
Mho properties eT plain eMnetoees peedoeed ehoo different types 
oad doOIarn af balked yarns. then etltah danrttles eT thsaa
labrlKa after rKlonotlon ond einlohlng wean ploPMed ogolnat Mhelr 
etitoh lengths« envies eT eavres warn obtained* On tha oons
graph the eMiteh density eT Mho Thhaion peodoead Than oobalksd yom 
was elec plotted ogabtKP their otlteh lengths. Sess aT Mhn ahLimM
Teotoree of this week ero 1000x1^*1 MOai
(o) In all waosas the atltih dosMty Of tha relaxed fhuMa dssmoood 
os Mho otlteh length ineeoooed ex olteHnstitwily oo the knitting 
wtiefheso laaraaaei'
(b) The oorvas Tor tho ehhrloK kMlted eras bulked yens oaro abnva 
thot af tha Tahvln Then o0hoLked yens lodleotlng thot Tnx o given 
otlteh length tha otlteh dsartty for balked yon eUhriK 1s hissor.
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(o) Hanoi' crimped oyloo omd flMflm (all tovqaa orlop Ihlro 
tdd jama) fbhrloa aconite* la a Ulghar ditch deurtty far a 
rlvea otitaU length thou fluOlMo (atuffor hoai aftBpod/ futrlo*
Ohio coo ottaHunted to Ulgtox orlop iigEldkty (approx* W) of 
tbo torque orlopcd jama aa tdBpaxod with thaw of danlon (appro*. 
WQ.
(A) Tho heavier jamo, knitted to the orno ditch length oc yrna
of finer AcBLoTO' produced fUUrloo of a leoor ditch dwndtl*
oinwc thc thicker yaroa prevented tbw oollapco of tho fUbrio to
the oomo catent. Thlo lo Iurtkwr euhdaatlMtcd by tto oowk of
71flttCm end to^Crom who indicated tbot tbo cxted of fabric
oallapoo ohloh io a direct poult of tho coBrtltuwBt yom 
oollolcw dcpcndo to thc fhl^arlBg tow fnctomi 
(1) Orlop aLgldlti of the yam, and
(M ^to onoumt of opaoc amtlaUlc 1b thc fabric far yam 
oollaloo to coomr on* lo aeponauBt oa tbo pom Aloadnr and thc 
otltoh length, tho ratio of thecc too being tbo cover footer.
It hao kwon thorn ty fitCoJ^ that oa thw cainp rigtAHl 
of tho yam iw incxoaoed' tbo dltok deaoity of plain fhtaioc 
knitted fton tUcoo pamo lc oloo ineaeoawd fow tbo oobc range of 
dltok lemgtUa* Sldlor otuc^xvxt^Bc Uavo ham aopMtad by
otton oad MataU^ for Ial rih tUbrLeo knitted from fulco talat 
oylm lamo* Toma wf differing crimp rlgsldltioio uoc* hy
fltocmr ’ 1b knitting plain fUbaiot corn produced ty hadar pldo
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teepciuluxa varLoitlens and oowoxALog Me hlmt dUXoxMKes la orinp 
rigidity orMUcA ty Iho rnrlatlcn la emsent of IMLal insoolod 
Aarlag ynM ypesoKKLng prodmand a elolLnr laaaeaaK la otlteh 
deaOIt/ With lasecnelng exinp rigidity. Thin np]pKure Ma ha
eonfcmxy to the ynULished rentilto nf ViAlhonl wad littU^O mo 
lavKrtlgsted tha gsnpKrIJos nf poxant ead poet-Misrnted ihLao Moiol 
syXsn 6.6 yMne. Oihtwao Ihay chalmed a good oa^Stlom bolKssn
otltoh Aeneity of plain knitted 0*0100 aad oslap rlgldlMy of port- 
Mroatod ywnse end porsnt yosan prsdanoA ty heater Iwpsonwra 
mxial^^^4a^« they did mot gtd the wees ealnllca Tor fh^jeloK peodaosd 
Thco parent yomn pecweoasd undue taiol MrloH*.
II boo basm wotahlinhndd®0 that Tor plain Thhrleo knitted 
Thco moron! otayla ead fllunait ynrms, otlteh AooKLty (8) in 
laeocswiy peegaSkloon! te thn eqnmre eT the otllah length (0). 
ThanKeese a oladlar eppseoah ben boon awed by rmrleaa 
aos^ion<^*00«7;^»77 .n ininsprot the rooSHe O^^olmnd with eMbrles 
taaLtted fees bolkod amd Ktaotah yams. ALL IUokk mahera boss 
mhoem thot la plctumg 8 egslaet lli^ , a ltaoar xolatlaohlp 
bolKsce atlteh density and otllah Length OKtote. Ocsnsnr* thn
ntmtlgiht Ifcae no obtolaad dn mot poos lhaosgb thn origin 'but giro 
am imteaespt (87) on thn 8 amlo. Tho sooSlto base bean
nathaaftloally sopasswood la tho Tcm
s. 4, ♦ k//« ---------------------(1)
iMurn k 1s tha Miops sf ths Hie (8 v/a VI s11 .tlaoa «sns
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tooo their elgolfliciutto oo elncodty neprooaad*
It lo uainnol to oospore thio cqnrttm (l) with thot gloon 
tor fhhnlom Ooittd from ncsoCl otepio sad fllOeoai ymmo, wdch lc 
of tho fCwn^
8 • v4 or 1)/^2----------------- (ll)
The Hffonowo between. oquCtlono (l) oad (ii) ooo hc 
nowolvod if it lo oooliorei that thc otlioC length aeoeunod io 
equation (l) io oa tho yam ow^dmotly olrotOthod io roncoe the 
orlop wilct the otiiiO doodly le csleoloted oe ihm relaxed fhhrlo 
dloouloon for wMoh the relaxed otltoC length ( >r) lc locae Oo 
ihm hndo of thio oa^lunUtleo, li fcllowo that if tho rodavod ctltoh 
length ( ) sc thc yam lloa in ihe faOnio im known, then equation
(l) mold ocCflo to ouch a sddlonohlp uo
8 • (Hl)
The otltoh length onunoi ho ocaosnci directly in Ihhrlo 
fom hcoouoo iha knitted loop lo of o ongpLcx shops snd can ha 
coolly i!o^oi^o^« Xothodo hovo hoon eaggedloi io eOlonlioto thlc
rcXamd otltoh length hy msa.mg oosloin ammuoptlono Theoc arc
now oomOliorei ln ihc follcwimg ooctioc.
1.55 Um .iiSU' -<? ia tta Uteto*
71 Tthcam*' v Cotton amd Maion , heoo cnggcdtcd oiidlsr mthcio 
far ihc o&lolatien of yoo oollmpno io fohrio farm for plain knit 
and XV rlh fttorlOc produced from 00X001 ynoo«
 65.
X lo wocooMblo iw conoco itot ito Itbrlc o^lopee iw 
dlrortty ococtf iy thc ooHopco of the ywa IM ito ctlUh or loot.
If it lo oweotwd ihut itc rwlwiloiaUlp
• • U/^r
coBilmeue io UMl* pco* for fhhrloo pcododoa ICoa hulked yorco 
(uboro ^t!b ibe eeluuwd or ooIHUpeort loagtU of yum ia took ctHot), 
ikon it lo poueLblw lo ortiawtc ( I?) ty ocean ib l-»19. ibc
mlldlty of iklc leilwr ucwpUau cpp not Uw Justified iut roughlp 
olallar oomoluuiono would arlcw Itou way otbwa adUcoaBblo value*
Thau tauoClug itw uarcvcd olawiLiUitomed otltoh length ( I ), ihc 
puroenlagc pom oollupww 1b tbo otltcb own be oaloulnlod IUom ibe 
follorlnr fCmnlo
Pwowuingw ccllarcM of pom w 100 a (—-y ■■■'«—) fL
Won ihc pevteBtogo pom ooUupwo oaloulwlod in iklc auuawa lw
plotted ognloct aeuousw* otltfh length ), it lo obwaaved'1 ”
ibwt u llaoar iueewacc la pom ooLlopec aoourt HU Ibosuumc in (/).
Tbo rccHo of Cotton and Clodoi7? further ialloialc tbat ttio iuoawoot
ootunco moxo pMuwunoo* a# ike orlop rigidity of thc pom luoroueo.
69&uriwn ct wl. - hove atom that in wtoourlBg ihc pom 
^llopew ip ibo uclhod acvdloloa ip ikoM u aclultemublp botoeou 
ibe roLUmcd d^iu^i^oou of ibo fkbrie, yam ooHo!## propMailou ond 
talttod otltoU lomgih could to oMuImed. itola aoutULto are
Itrlbox eulpOjXtoa ip tkc work of Qkwmio wad Hutoni?®.
Il bwc !rcti^oucli toon paLated out?\ ttot ihc yam odilopcc
 u.
io the fohrio io solotod to the opconase of ihe Omitted otootuno 
(!••» ihm iBvezoo of the foOslo oooar tamfcor)• Ia the coco of
knitted fhorleo ihio cower faotoff iu gives iy Vndinr/X .
Therefore shoo thc ratio of onloOLotod yam oolLipao to omaassci 
yoo cmiepca aaa plotted against ihc poiuto fill sppvoaisntdly
oa o otmlght lice panning throe* ihc oslgia. Thin indicated that
the otltoh length f > yora ioaLwr D oiltoh denOLty I and meaauaid 
yam oompaa Cg w«sc Minted by aa ogattioa of tho foo
-l- -j£).4...
shone o lo tho clopc of ihm graph of fl^^Bd^LhdJSdflLd&LLnhft agmioot I 
cocooned 300 omiopoc VS
fOm tho Shooe, it follocd that
s
■c.imo»-«cr )*
bCr lu oodl 1 ig^ngert oith 100 D, ihia soinooe la iha foon
fMo thoaa aCatOLona 1t 1a mm lloa if ®B « 0, 1.a. jam team mt 
oHagaai thla alll Miooa ta tha Ao
• > 19/1 *
Jltton aaA itefikbaaxi?^ leva ohom IndapmlwAlj that tha 
otltoh deadly of pLoia omt tahrloa fhoa bulked yomo oom he 
onloslotod fhoa thc roictJoa
3^ • Pj ♦ jC*1 ♦ pj 1^, 1 -I).
67.
«7 0X0 k°mK“>k omd K*U" l“ma IU^ neooi
nlihlfleoowK' Xhcqr horn aloe given the voloao of Tp Pg mod 97
ahtolood ehoo oMUplo rngaoniloo eoleolotloa ond indlaolod thol ty 
aolog Ihle Thm of wynOtlsas otltcU lonOLty woo hn pvaHotid SIIUla 
llOAlK of £ 60 l^capn pox aqeora laoU. Aloo if C.1. 7 0, MUlo 
lodisae to Mho fom
S - 23.)/0 7
which 1# elooe to Iho cqjetlm ofetalau la prnrtlrn# # » 19/1 •
Ihlln It lo latorootlnx to nOlK IUk similarity hoMonsn IUk 
7*equallsns ougxaoted % flttrn and ^pkaosn’" and Phono eiggnnlKl 
My Minion ot ol>^» It le Mo hn anted thot whaxsoa UnAam ot ml. hero 
aUnaa IUk method nf deriving their nquatleno, Tlttoa and iWoftkmnem 
hove nO paULehnl Mhelr nOtheA ef arriving ot tho ogaOlLcmo 
ongjgoetol ty than. VeKrKXluSleBe• lhaea oquOlloao Ao lodieotn that
AlwonolonOI psoiporitlSK ooa bn praAloMed Then IUk kmoSLodgn nf 11x00 
vnr^^iOe l«e.v yem eollogaios grega£loK• knitted eSlteh Length 
owd yam lesLar, altb rotacnoiln caoanqy' tl awKl bo sopte Mined
lUol IUokk wytoIJnaK nasl to hn looted ThrtUor ty uming yamo ef 
llfforlmg lonlam and aKllagoa pm^artilaO'
1.5$
Vrn prarlnotng TUhsion Them Uolkad yemo tin ana ef hOtb 
UlgU oal lex lapat timet ma an IUk yam oo It lo Tel to tho tonHItmg 
KLowoMln Uava howa 000*0101 la ordne le Obtain o rogOUex oal
to.
Mmol.<Mp' k^Litcd etzuovuvc# tUoruit w LI# i&p&l tailsa 1#
Mgmto* lo awl* ami ixacgiuiuixltieo tiei ul|#t urleo If n pom 
with U## oolLaormg propeoXIleo io o^^P^IcA lo ikt ooodldo la a 
portly oollapoo* otatot tko wo# of u low input lanuicm lo 
ofvoaaUlo* to provoal way looo of 0x10! ohloh any to dnwood if ihc 
cl aula ou thc pun at ihc knUtlng point aLLowo to wu cuteuao value.
Il boo teem oetotHihod ihut ihc dloomolomo md quULUp ol 
u knitted fkhzaie depend to u largo extent ou ike loaglk of yum 
foming cook loop* Saoaunt of thlo ike tarn# offcot of icaulon
oa tko krULttod lUtrle boo often toon otooivod olueo il lmvurlotli 
loudo lo u da!BU.d<CMblo okuagt la knitted otltoU lengtk.
Wo*pOiir0' in order lo cvULvuto ibo offoot of icaulon ow iko pom 
pxo9cx’il*Ot it lo ooiuwitlwl io ^ru^ldwr iko offoot of loBolon 
imdoiwudcitli of auy okuago lw otltoh loaglk.
Ia tklo owOioUt, ucbIIob mot bc aodo of tko aotowutlo 
teBLttlBg oonrol dorioo kaoen oo tko •PwOLtlvo rood* • Wilk it# 
uoc of thlo gyUlUB, ike pun lo fod lo tkc noddle# at u oonkrolled 
mt# ty puuuLug ll over u tl# faLoilca ourfhoo oilimdua Totaled ul 
a npotd neooeouYp to food tko ooxaeot amount of yen io ihc needier 
in order lo pvodldo a fOtrl# o^ way acquired otltoh longtt. tkc
quOLHi of ike fnlcic lo ikeawtor# iro*otcrm[lBud by ik# Mio wl 
ctloh tho gyllMtax loo*t ito yum lo ike kULtllmg ULoatMlo* tl 
tklu uoano ikt otltoh lon#h Otoomeu iBdopoBduUt o^ pun Input 
icaulon, pun falotifm nud oon ociiilrg:* Tut odvuBtogoo to tc
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AortvoA clth ihc occ of pNOMvc food agrrCtoic hovo bcao
pUCUlbodWt Waai ihia MCthod la however oosoldarmd for
kattiUg of hulked yamc, throne oro aom lOViatOma. Ba
oaspXc, ihm wSlam of input tcnolom (l*o. ionoioo Osieccu supply
poakMgo and food oMLt) till sffoat ihc degree of oollepoo of ihc
.yarn us li lo lull os tbo food qyllsdar oiA vill ihsrofoeo casco
wsrtaHoa io ibo luonot of yoo fod io thc CCOHOO* 
do
Modes ot ol. carried oat ea imwmvtlgstioa imlo ihc effort
of chsogoe la yam fcaHtUmg tomoloma on ihe iXMcaolmmll propurtleo 
of fahrloa knitted fnoo balked ysoe hoia tgr aoroSL kiCLtilnig sad hr 
food artt ort^aou. fbr ibis purpose they nod falsa icial eylos
(fonoMage yoo odllspoo - 65.2) omd Cs^qpLcno (ponoertagc yom 
oollspoc - 16.2) ysoa. Those ysoa ecore knitted ol s range of 
tesolosa amd woo oospsnod oltb results obtained clth fllnot 
forylono* yom krdttod smdos lloatioal coadtioss.
It van aaMlaiaA ibal amices nonoO kzdtivmg coimdtlonw 
(l.e. without using o positive food), o change la yone losolos fho 
2 to 15got mar offoot tbo kiUttod stitch length by sp to i%l. Q 
tbo cone osfthlimo, vboo kuCLtllng is ioo smior yoo food ccOdiloiao 
tho otltoh length lo ooSTscetcd by o SOongo im tomaloa hetvsen food 
asll snd knittlMg olomome, bSl o 90x120 io tolnolaa bstsodm packaga 
ood food urtt froo 2 to 2)gc. Mg osano thc otltoh length to nonage 
by 46. It la ssggowici that ihio ourloiioa oey ho nodm^o^ori if tha
lopM lernles la vai ollowoi Ie ho lost then Ibgc.
70.
At MUo etort of MUlo awry on AMbXcse kalttA from bulked 
yema, It son motel MUal MUa Lafometlsa pCULlohod too MUlo oObjaKM 
coOleiaa o voxy largo amml oT Into ohloh way panhopn UOLd gnol 
only Tor MUa range oT TMOxloo oknALod. Ae each eoskax appooro to 
bars praosotol aad LoAsspc^ad hie dilo lm hlo am nay It lo 
cttooeOy difficult to droa any piariloHLox AOOMeOlseMloans 
lUrthar oKLeoant Taaloxoo nf isfomntiaMi poULlehal «liL 110X010X0 
Ue eoeOilcrel LaMar lo Mbs liesoonleo of MUa ranHIto obtained TOr 
tin parpeno eT MUlo MUaola.
II Uou Usoowa erlAent TOwo Mho anrrsy of Utmloxo thot lo 
the loot Tie yaoen ooay tooosxoU oneknen hare HttMgta1 to etoly 
MUa iMfiuemos ef MUk fuwtnxn muo* oaOteOi MUa llaoneLnao ef
xaLOnod plain TUUalca krtttel Tkan holksl yamo. Ben Ihle
57porpoess MUa eaoee*a of Tnhxln gaonKixy davalopel by IUmAm' * la 
rsLOMiem Mo TUUrlso kSLMMol Thew amUolked yamo Uava hnam onployol 
omd noM mm typoo nf ral^«MlS<MaULgK Uateoan UHlkal yom proportion 
onl TUkrlo prcpaXl^SK Uava boon onAgnotol.
Tha Object ef thn weak daoerlbaA la MUle ll*oolo lo lao Thili 
1) TO toreKtignto MUn nTTeol Mhtl bulked yamo ead aoKblne roxnehlse 
hero on MUn dlasoOiosal pnopertllee nf IaX rib TUtaiao when knitted on 
aMonlmoi MoULmary. TUln XsZ rib etMotero la nf piorilaular 
lnlexnote oiMass on oall on being nf aonsilneioblK ocMonclsl 
inp-criwaao^ it lo olao a bneln knitted ntmctaro.
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kplon yuon bulked bp two ALflereat uedbwdo, merely# COLoc 
tulotma ood otuffov to* oztaitug kwr# bcwu owed iu ike prooort 
Audi# ihurolorw lu oddltUu lo otter yorn vwvlkfeloe ibo LoflUeuo# 
of ik# bulking poooeet eu ike ^jpue^loo o^ TO Ab tktelco boo 
aim twoo Bladlta' Iu order lo te obi# to interpret it# AOlu 
obtain id# it# oaoool bB ol Ibtaio guooutni duN0lopoa Op parvLowu 
centavo to# been uoc* okorovor mgoowuuaagr* TUt ooooept ol thdolo 
gooMtoi lo bowed oa iko ooooUlul ooudtloa tbut lto tkbrlo ubould 
tw lu u oocpMCly aduad oluto ou* generally lc# awL^n^ utulou 
knew toco ruo:o0inlnwdi u Any relwnd otwte, token up alter ooue dtio* 
ouyowrc lo otamiAaaA ntuwupkorci tu* u out aMlancd Ante, taken up 
uftua uoukLog ia water* Il lo gowoaiwlli knovo ikut IUhvlou
product* fbeu bulked yam arc tLOtiOriMd, tl aU^tli-^igw flmiAiLmg 
taoaitaumtB uUlut Luvu^vc lha uoc ol nook peoetwoea oc out aelnmut^OB# 
dkf loMUlIng# Aoau-eAtUg# eto* ^e onkOov of ttheloo knitted
tertiOiOlly lor ito prwooBt oouk in lha laboauOny tow# beta aAUnod 
otpuaetoly tl otowo rclamuticai# out rclwuotiou oa* Aqr tunUliWig 
cud oo^lasLotB boo# ihwacltac# boon node botaoon lUeou tkroc ulugl# 
reLaxcd clutco ou* iko control or gAggo noaplc* Il io o^Ji*oxod 
tbat ut thc vrtooai oeucnt ito uoc of u cLMgl# (pocooud) aulCuod 
oluto lo aot only a daMNoBLtnt Oct aLUoA u auocaenci oLhpUfloctluu* 
Onto ihc btteAiwar of tkc tbOrloc xwIWuoA Op u Augl# produco bo# 
tour ItHy BaAca>uto<A« itoa ihc ooSk nuy bo OKtun*#* lo otAl tkc
lwflWo of ik# noqoeuod ol tinlokimg lroaMmla ou tkbrlo peotaXll*
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Of ibo ooobiao woAohlea, ibo moot loprnntcBt la iha otltoh 
cam eAllog io cbtsJO veAoiioa ln ihc kSittc& loop length. Tho
lafSemoo of ihio variable oa tbo AvocnOVosUL 9B0ptfSfclao of XWl 
Ab fabAoN hao Aoo boos AiSdA.
2) fo study thc Anoloh eni recatesy pampM&lec of XZ Ah fabAoN 
taAttA fnoo ihc yarns ihoi hove heea uwcA is ihc InvmrtlgAloa of 
lioaaltiasol prap«lrtlo0 of ibeac fbbAoo.
One of ibo moot o)ha^a0ioZAio proportlON of fbbrtoe 
taAttA fnoo bULkA yomo lo ihOtr oSlomObilliy. Hweever ll la
moi oily safflMomt ibot ihc fabAo sboAi eCtmA coAlya it im 
cquAly oaamtlXA that om roieoulug ihm Anotohlug farco, tbo 
fabAo moot revoA hook io Ito oAgloA Asm oA shape. DmcAc
tto foot ibot ibis property Of Anotob oA nosowmqn la so laportsati 
it lo eorprlolog ibA little Atonilon boo hoon pAd io ll.
Amcsc la hardly aay pAHAA lA^oxoAtien hssA oa cspolcdntA 
olhmcnvatlooc so io tbo vsrUuo fnAono ibA influence ibo ArAoh 
oA recovery beboAoar of ibeoo fhbAos.
Ohoo ogsln ihc fbbAoo lo ibOir Aeon solsxA, wA sAsxA 
nA iwy tanblA AAos hove boon uoA for ihio study oA ibo
rowalio oacpunA Ath those A ibo ggcigm fhhrleo.
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2.1 JUUKUlA
la thin Andy ol th# alwuaA<Mnl o^ I% AO
lU^aAm, oiloo 6.6 yom AlkA Op folBO ihoi ood otwllcr boa mcibodo 
cor# Moo* to pnoAlde lUhAoe. CoMMceaUty ocUIlUOlo oluffer bow
OMLkA item ouAAA undue ibc mono *Y<orttnul&llod" core obtain#* IXoa 
2AtlAt Dgpa Copto Lid* Ihlto lAA erMpA yarn woeo onpUA Op
ICX (Ateo#) LA* aA wceo ootyorA for ihc imioee of the protuA
l^uacA^j^^Aton IhoM iho otuAoA ipp# 100 tyLn 6.6 youwo* Xa wAdltom# 
own uMbMlhA pwMU# ipp# 100» ootolnA IXom X*C«X. wwrw ulcc oaA A 
Ahlngrilhl bAwoen yon oA IwbAo propertlco Op oonit^ing IthAou of
ike oomo ^o^rtSMtl^cM IXom OAkA wA uMoUkA yarn* Tht pone uoA
nurt A im AoAur, AlineA AMAur, talking ^rop^loo Ao* # ik# *AA!o 
boLm otoea im thc folleuLWg ttaleo* ttn ooeffleiOjMte lALAon
ike pan# word dAwruluA LM UdwoAwndw A.tk iko rooomomlutiM 
qoAA A A.o* u«a Louk^* hulking propwrtleo ot ikoo# pone
uftn woXLeue rulonfcOn trooianle woeo dAonlMA Oy iwo ■Abode 
aA arc *#o<#alhod Lm tho mua coAion*
Akhlt 1 iaJ
(TeotmlltA nylon yua&)
OAO he* JMuA fypn
T1 VMVU» HB B o Ao$
T2 1/70/J4 0 D o4o
TJ lAoo/34 n B o.Sz$
T4 1/140/60 ■ B 0. 21%
T5 1A50/50 0 B 0-47%
A 1/W5/34 0 D —
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■AMUhl





"53/1)03 92 2/70/34 80 0.444
■50/04)6 23 2A0/MC 80 0.3)4
■200456 24 ?/70/20 80 0.3*4
*5>/<M)6 2) 2/70/20 80 0.334
■470MO46 26 2/100/34 65 0.414
■4*70/00046 27 2/100/M 70 0.404
■4*70/00046 20 2/OO/34 70 0.^4
lafclt 3 iai
(BOno tvlat-22, fort ndiiA-T" owl UOkoIkaA-O ayloo yeans)
flodoh C to* Tyao
wn/l0lto/26 22 1 8/70/34 8 8 SCs
■5*70/061)4 22 2 2/203/34 8 X 022
aa 28 1 1/70/34 0
- 22 2 1/205/34 u
- I 1 70/34 8 100








2.2 mIMm* ^'wnAILai bT .IfrnJJtM
2.n B*i2JttafaUJ4-*—&
The only otnvflonimoi Mast Moilahlo in thi« nouotsy Mgr
White Iho hKLklag potiootAl of o belkA yons asowooA hoe bsaa
75.
68ptepoA by HA.MA. toA le kuoa m c Turn Crisp Rigidity T<o^ • 
Mood oolog nlglAty of bHA yooo lc kooNO ie offoot the 
Hicmclwvcl otdclllty eni Ahaon paopuVloc ef fhfcrleo poAoecA fboo 
theca yooo, lb lo oomaOlA io detomiuc tbo voXneo of ihlc yoo 
puoober so iheb theae oy he OVatA io fabAo poparii^eo. The
1 U«T«HA« oAoy Agility opinoKtoc ooo oaA io AAocAac ibo colaip 
AgXAlty A tbo yomo ocA is ible oock»
Tte ieA looivA oladlog o cpcAnca of bosk OT o pme» 
AAoOisA sccOon of Annic doyoAVog oo ibo yoo AdAon ocA. A 
email vAgA lo the fern ef o 8-AapA hook one appLIA io ibo bosk 
nA oo tblc ooc plaoA o bmvy odgt. The wdgbi of ibo well
hook oonnoepeAe to 0.008 g/Anlov oA ite heavy weAgbi io 
0.1 g/dolor, hcoA oo ltd iotA AdAor of the beak.
Tho loAA beak woe ihoa loooA is o ayliodds oo&aislos 
w&er nA o foo dropo Ot %o wAtlag ogob (TaNgol) ot mo 
ioopainatarc (20°C). t^io olnboMt from ihc iio of iasarAao ibo
honk lemgbb (Lj) one noscirA sgAeA so AoAlo coAo pxoAiA 
isAie iM glace ayllsAer. The heavy wdgA cue ihm reoorA by
scono ot o gAd (prcAAA isAie ihe oylladcr) nA ilo honk alLOwA 
io ooAroA oo ilo onlsp AovwLxepA. Afton two AsAco fbmo ite
lino of nmovlmg ihc heavy wAgM, ilo hank length (1%) woo ogAe 
soaoarA»
Tte onlsp nlglAty ot ite yoo lo ibo parcmSiogc ooOmAi
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ocdlmlaa undue «iw adM«* MaddtloM «* 1a igr
h - 4 » IW
•j
TOLo %OA ba# Ho ^^t^nli<mo lu ibut iho yumo ooqULrLw< A£* 
tocpeimtuaw iareAagal io Atvtlop IU# oAwp crw wot given 
uUffloloot ooAsioCIlom lu ood* tutor lo glv# u rcwcoaAlo vUluc ol 
oolop AAAly e.g* Aglow ood Ballou TMePLono yumt* Bur tuot 
puapocoo u xOlooAlciB troutauui lu color A tl# teoipaantur# prior 
lo IciALUn Lu ueeeoouui*
ColhiLpoter peopcailoe o^ iho yuno ocro woocurca Ol it# 
Method tmP^ytA by Uadoa A A.** ALe MtlkoA ocoo nock to
AxecM^ cko Aovt^^cd iko mOltod o^ oAlnpoc ucctuaonoMt io give 
rollubl# reunite* Ho loumd that improved rAlokllily ueuo
ooklovtA okta MtmourMtnto wceo aodo ou u clrolc leagtk o^ pun 
author thoM ow u pun lu bunk tern oc lu Aon# la tkc HjIaTakiA* 
oriMp aLgidil! loUi* Sluoc Ichrloo undergo otao xeluMitdn
IKotot duelng ibAr uuonoi Boon ounnoWiA thA aolwntteB prior to 
arnicurudtA ot pun ooUopuw wo!* give Moro aoulietio vuluoo mA 
ikeawiorw glv# u bAtor dorrUlAlow Ait actual oAlupoc iho yum 
Lm ICUAo Ion* fkrihor, in oonuoAltm Aik lUo mdwa of ImAlag
boom thowA lUA yon collwpoo value AluMA woo mUiltr wuere ihc 
toovi lowAlng owe npPlAL ILrA ao lo Aomo IM llo HUXT«H«t« oalmp
77.
was used forrigidity last. A similar MasM peecsduro°9° W was usod for 
evaluating percomMage yom collapso veluss Tor the yaws usA la 
tha prasoat woXk. Details nf Iha nzperiMertal prcOodura are os
followsi
A comroniont length of yam res Mekom onl oaa amd TlxA 
into sprlMg clip vlth o loA ef 0.1 g/denler applied Mo Iha 
othar oA. Tw woXciag threads vara them tiAL Mo Iha yaw ot o 
distomca of 30 imchas (4,) opart. Tea such sambas of each 
yam of lifTaroat types vero than pro-ralaxA by Mho techniques
10801*11)01 balovi
(o) out relaxed in o Mrnugh eT voter naintaimA ot 45*0 Tor 20 
ninmtes, rswcorA end all trad Mo ley oa o flel surToca ml room 
lempira turn (20®5)„
(b) iry rnlozA la en ovum a I 90°C for 15 nUrntas in such a 
waaier os Mo allow fees xoioxoMion.
(c) stew relax Ad Tor Obout Tiva Mnmrtas om o bA of o HcOlTMoa 
press.
Atcr Mhasa pro-rnlaxlmg MsoaMents Iho yaws rare 
conditioned in o stomdorl atmosphere (654 r.h. sml 20°C) Tor ot 
least 24 houw baToro neaosueoMent3 oaro wAa om then in Mho some 
mlmOBxlieri. Osa aA of soch sample oT yaw oos fIXol into Iha 
spring clip oal o loA of 0.002 g/deiAar in the Toam Of o MilOt 
clip oppllal Mo Iha other sA. Ator oaa minute exon Iha tMe 





tknada an tho ymm ma maauoe. At onftw mto! oilp to
Giro a total load of O.X g/Hmm/, ma Abm oMad aad tb&a load aaa
appliod fMr tae alaaAo bafoaa Abo laagth (^3 ma aaarnnd. Ilto
eatra votgM aaa Ala* raaovad aad after tbo yam tad bam alXoaad Ao 
ooatmat for a fbrAltar pariad of aaa alaaAa« Aba leagtb aaa
aaamrad'
Tho fatUwfag oalaalatfaaa vam tbaa aaAai
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I.
t«3 f’~—nt!# tL FkKA
ZsZ rib fteaAoa wars paaAaaaA m a Sohmasai faaar flat
KaLAAlag warihina* Tta yum «aaa thsaoALaA ap ia Aha aaraal aannar
aaA Ate oaaa fsatag aaaA ia oaoh shoo, Ate aprhag Gcapaaaator aaA 
Ate tate-Aaaa Asadlm aAjaataA Aa gtva a goad muJiAy aaXaaAga 
praAaatioa* Rao yana UHAhA ia AOhlaa J(a) ant 3(b) aaaa kaittsd 
aftth aaryiag umritar of ants ant tte atitah aaa aat oAhar aattiaoa 
toga oaaaiftiMA ia cotor Aa xatuae Ate iattttanoa af haittiag aariablaa 
Ao a gluinrua Tto yama shorn ia tabla J(o) aaaa haittaA at flaa
Alflanaait otltoh lsagAha by altaaiag Ate atiAah oaa aaAtiag (aamlar 
aAJaatamt) fhoa 9«5 Ao U*) ia Ate atagao of 0*3 aaitae Tto
 TN
AAA.1# of 10m mMUm oro #a BbUoMii
tauter A aAla oa OMfr bA «»—»»-«*— J20
tagtfe A n#A1o bA (lootac) 6)
Qbrthlna gMags (mAXm per inoh) ——-m-w— 8
hsoOcw A jaodM wuALm# — 4
Xiw A miAIm Aw» talA
typo A trnolfM AoAo# ALuo oA opALoN
M^Df&ted
iM 10m IthAo# OOMO oil iho natTOI, tbogr wtd# out IMio Ihuw jMwa
mA w ugoum (6* a 6") oco coAA on eat# pleou Aik lACUhl# lob 
oAag o lnopTA# A ibot Aco« eeok pice# hoiag Avon m ^koEAU^ioN
2-U Jfctett!
ll lc bacon tOA lobAou kAtt A Wmm buOkA ogloa j#omo 
co# lluMOl lacilly ucotohlo io thoio gAegc MlAo. tatAon®® too
oboom tbut oriopA ogiao IkbAoe ooAtoiwA to Ailf^oo loo poAodo 
up to ikecc ooAho olio# kAttlng* Tfcto IM ibULo gAts# AAo 
IttAou io uA coAvc A ItcLe fully rolocA dluoouloww* Bome
Ammo A ibo cwoUtoA IkbAoe ocoo thtcAoco itwAA oopoonOAi Lm 
the loUccLmg uowcoB
wllewA io colow ia o AoAMA ciuodykoew loo A 
lcuA M hoaxo before way wteoMroMAo woto wwlo. Thlo lc
rAtowA lo mc ihw Ay oAooA otAc.
(h) A aaswA Ace# Mia weloxA IM Aon n&ng thte lovo# hA A o
•o.
HofMtn preea« Thia ataoaMm ixn for ibeut tuc Mmtaa*
(o) A IhlsA piaea im ralaaad lo imWv at 45% Tbr 10 Mmutaa illh 
•Ion MB>tmiow» Thia wiOMatloo IxoetMnt aaa Oarrii4 mt In a 
M.alatowa paddla 4yaLMg MithM an that Iha Meeaa&ary wStotOM 
coaid ho ohMMiaOU The fhhala eta them lightly proaond In raners
oxowee water end allcood le Ary la nlsa
(d) A fourth plaoa an rolanoA hy Ay tuMJloi Ton 1$ MimiMse Mtiw 
m Mlflol Bureo TMblale* TOn aohlarins n ihlrly anouMta 
ta^piMtusot n nhoeatat ino Intxnduond la tha hestlog oinelt of
Iho tuth-Mtr.
ATMor Phase rolcwotlen tremlaonte* Iha fohxioa ooxo 
eosditlona mt 6ftf % raha end 20tM% before Osy Mosuxososta woea 
aexeleA eula
1.31 ".gMMf'ty^tof 7tbMi
All Mho foiloslmg Mtuuresosla wore mmAk on fStOgo (lyy 
relnmed) ead om Iha othox thraa ralimad alolao TOr wash fshrle 
apaaMca*
(•) ACMLflaiakaaU. T* <wWMwl 6’ m 6" aukrt OM* aa* WMUMd 
onl ot leoat thro' raallngo aura token ml dlTfoxnat paints along Iha 
length onl wLdth of aaah Tshnle onl ths eroxagn oMt thus worked ouM* 
(») TowM TsAlBki w ua MWO Os.v, Me a*;
The aimihir eT 000x000 (o) onl aHLoo (a) per inch woexo ohloMeA by 
using a eosotlag glnes. Prom those Mwo MesuranoalKt Mho Mnhhon
81.
af etltobm per aqrnm tmO (s) mm aAmArAA.
(a) atimh Wrotht A Mitoh im AAfmA at Um asTXtA mtTAttoomi 
eMt im # tuiitAA MAIa. Zr o XX Mb AAaIa, thia Mitoh
A too aAjmwrt haitAA icmpo oa Um aaa oaooAAi mm 
mmAmA Uo tlm ftAMt maA thm MUt t» Um hmrifc AT the AAaIa. ftrn
tmgth AT yum im a tedtAeA trap mm aALAimAoA from thm totTL hmsOat 
of Xmpm uaatm thm MAO of tlm fhhaim mmA thm aoaora truth mm 
aiarnot m tlm B.t.T.R.A. aanmo Imgth toTtoa* im Allah r mull 
AaA 2mA (2a g) mm m^»A tm satis tho tAmp Tm rrnimgB far 
mAh (OOMA m-tAmaa mm marnAAd to aOtTlM m army mrAm af 
Mltah tampth.
(A) fittrfn Blnfrm1 TO» thlahnA af taO TOOtIa TTplA aa 
AAaaI »»A m a mm of At tooT tm iTAloga ootaAmA ALth a My 
thahoAr tfojgo. A AmAMogr af mA? tOAT tOiornma gsAg» aa
UmA tO» mot jmamisa aaAaa whjAh thm ttmattM aa ooTiMtA 
aa mt tarm. tArAm Ama a Ahrtiy MMeto thlhTTA Tm»to
hAoam taIAiOAa* tlm fOharlao praAmA fhm yum Mima. It toOlo (a) 
mm t»»taA tm tfa»ok»mr m that lrrttrmot« thm tOATkoMT
attaaatAa mom aaAa mA a omon of pmmaAoa wmiog fhm O.OS 
p.A.i. t» ippmurlmtaly l p.ni.
(a) Mm fhOrla of o Oimoa ama mm ammAOly art flam tlm
epmAiM mat mMrfmA. tOlA mmmomaA mAipOfc hm Oaaa aabamA 
im ga. pro TU m<t»<w mA aaaA to omroolMa fbteio OAO m MU Oa
laAloatTl 2mA
2.4 PitMUtT of
Baflaltlaiu Tbe pfflRMftitlltp BI • iMiMeiW mo to 1lClM< 
oinplp n iko nto cf fie# ol u #o# urAior w ALflexontlal prooMX# 
ikemg^ n arm wl itui wnturlUl*
Ia itB ImrtHu oppliortlMU, ibo wlr panuwUlliii (Fft) ol u 
IhOrio lo defined wuew tlMplp oo thc volm# of wlr iw adbio 
uodtlaotuao poootd pore ttoou* itaoxigU no oqtaro ewrtluotor cl w 
Ihhrio ct u prcoowro dlftOeMwo of no oniJMBitr UeeA cf eater,
Yoriece tyeioo ol wppuaetw# lor tkc oowlcctloo cl wlr 
paouwOhUli cl u Ichalu bono hen tooodlp dcwalflod luio three 
lypt# Oy SCiuduMl cwA Bo^t** oc otwm UoroaoAoei
(u) 1U tw# wppuiwlww ito ILM# 1# octod for w glvn ecloao cl ULr iu 
paw# ikroiu# u glvn ortw cf lUo Ittaio cod or ou uw#p*UIlod 
prorcoro dIfiMoaeo oorwto iho ftferio* da toauPLo ol iklc ipp#
cf Iwwlauawwt lo it# darloi BMtuuClor**.
(h) la iho wooer* ipp# cf oppnmwc it# OtOl peouwaac developed 
wpm paeaiON wlr ut u cnUluUl art# ibro## ihc ample lw acted# iho 
Ihheic htdog lea# poaoeohlu io ULr okn it# eOncrct* booh prooMuac 
iw greater* An oouwpL# cl Mu ipp# ol Inwtiuamt lw BomPo
FoKMlti buoULwe*** ttio ipp# cl oppciuiau la otduuuli oUiluhl#
lor r liMLIeA iwag# ol ItbalM otly# elaac ll would ba liMomccwleat 
io Uavo fired art# cl flu# lor all type# ol fotalM*
(o) Aa ikied oothcd lo it# MtU gommlli uwed aBUo* Ia etlwU u 
glwn proowurc drop lo nlatodaud oorocw ihc IUorio qpMObon Md ihc
WJ.
rate nT TlCtw of air a glram nrso oT the oosplo io asona^i*
Tttaoa aro o wMb«r ef aosa^glaa nf lootioosaie iood Tor Ihla
LosdB* bas deocslbel erne laetraMmt whloh io olKPlsg to Iha 
t£
om dcnn&ojtcA k CUgtan bet 1o mt» oUqpo Md Aio
lMtnMot Bbom m Iha °hLoiaj Ana XiniMkiUty Appoortpu borne
wood in tho promt iniTc> ftw IwMriytiM ef Iha oppnsotao eM 
owpeaLMaOal AetMlo oao alna 100001101 1m tho Moltlih OMoMdOid 
hnad hoOk8*.
■nMiollioa of aim yem^wiuty of TnbOIee woe nwnOIod cot 
psLOnnHs ollh Iho objoHl of loaoaHioMIMBa ITT Ihle Moot oaoll ba 
ottaimaaTilIly wad ao am lallnotILoo nT ffhhOie bOk* Thwaafora
Mr yMOMtOUlty ef XM sib Thbsloo poodMol Taw tha yang Ohoon 
la IMhla %o) hMttsl nt Tire liTfeeiaot atHoT lwftha ood sOOmad 
hy Mho Msoatoeain iMdicnMwd lo waOlom (2«31) aamo irtosMwal Tom
oyaaloeoa noma oolaoMnd TTson ALTffittnM planoo lm thn TThbsio lm amh 
a nooBMir that thny xoyaoowetoA Mho nMioOLM m TThlly m poooU>W»
hhOh m«aTtm° sm thaw Oaopoi lolo powltlro me ohoon la 
aiyxM (13) oMI Mhn Moat im Boaosaail with 1, opao wed the oMbnv 
TTLoo artHM oionoA' The sotn nf TTew aT Mr iwa Mittal wOlll 
Mhn voauiroA pooiatse dam emo otlMIoal* ITT thn TTos ms lamo 
Phan 30 o.o, pav asoomA* Bj iw cponad owd B. olnood. this
psooedaew eon sapootod aMU Iho woOt enIMohlo soogo Tbr thn TThbsin
Mdav toot hoi bona aolaotai* iho aadn nT fToo nT alv its Mdei

for «Mb proMM** Ao the Ihtote* She twt m* tlww
oont lowed to eoior th* rev#* #f ppmeae io#*a *o**o* tUa Dhsto* 
the othaa Maa #*##*#• **** IwtoA io o olMlar iMtoloa
Vt *•#«•*• ate* #f BU# tor mmo yrewoir# loo# we*
Igr 9*07 io glv* it* wlr icoucUHltp lo e.o/<m*/«*>
nto loot #wu *vrtaeM# voter etvUart eotiUtlew# #t te*ei*M i.#* 




3*. Ortip algidity Md Puroaataga hm 
Ml^>m Ot the Xarnn
3*2 THnoaloal Fmpautlo of Pabrlo
3.3 ttKot of Unmr Soalty ( Sol«r ) on Mtelo
Bltob Ooolty
3* 31 Sffot tft Turn Odor RlgMlty <o» OwLi Stltafc
Amity
3*4 Sfloot of Tn» Baafrr im fttado stilab Ungth
3*41 Sflot af Tam QaLy sgilty o fabrio Btltd
i«ngu
3*9 Sffoat of Twm Solar on W9 ioila
3*91 Sffot ot Tom Ooljot Wgddiyr rn a/o Rntld
3*6 SfOoat of Ton IDolatr on fttelo Xhibikigi
3.61 Sffot of Tom tiUnp aguity o Wrt* ctaliOafa
3*7 Sfloot of Turn s«d«r on fMOdo TMikioo
3.71 Sflot af Tom Cdf h^Mlty in VOMo Urdchma
3.0 omkm BtUab Doiity ina stltah loga
3*01 Ulmtlwi itetlo fni ittlAh longth
3*02 loMidl od daltnlatoi Tun OdlUf^
3.03 Mrlo AtUt aa! Btlld Lingtb


















The follcming qynMLa ere nood Ia th# tmti




Jkbrte unu deortty ( gVaq* Mter).
Oconee) per unit longthi (aonMte/At. ,).
D OaoMml tea itedL to AdUcMte uu port unit
D„
length of n yen (debtor).
Moonrod ■nee per unit ^<ngt^> under tension f,
of bulked end unbUlkod yesne, ronyertlTely,
extracted fra febeioe (dortor).
D Bnleort aaa poor alt l«gtb of • hrtkod ynm
in n febrie (dorter)*
DT fhbrlM ttrtehrt hy dy tiMh^ng
y Air flie tiiough a fabric (e*e/a2/inni)
0 Orelm state fabrlce
kg Contort team na& to nidULMto rtltob dennn.ty
*rt’ kg»
oan^e^*
LtilOhi demnlly wnetcmtB for fehirliM fane hulked
and unbulked ynrne, reaytotliedyi
I ftoeort torn unod to indloato nonn^rnd etitoh
length of yexne ontrootod fom fnbriee (in*)* 
Mt^in^^^od Mtit^ah length of hulked end wnMlkod 
yerne, rnepit^tlrely, ortrnntod fm fnbriee (La«).
Bodaxrt stHrt Ongt^h of a haktrt j/mu nt n
foerio (in.).
P* JOtNrla air pereMtiOOLty head
of eater).
Preeaae drop (om head af motor), 
a Qotml tsma modi to mOLiaiOe etiteh danltrr
of a fahrlo (etltsAae/la?/.
Sp 8* fttlt/h daMltlee of hulked end attailkad-yaca
fOoolaev reepeetleoly' letitehe^lnf).
82 Nehrioe naotaeod ma ea«t».
Sp 8^ Utltek stMudtp lxOaaoppte for aahulkad end heOkad*
pamm fOhXLoe9 seapMOtlaelp.
t hatato tMekaaee (to.).
f JtMuvuxiera taiaatmi ma yt&nu suctmotmi rom tbtEleB
l(F//to&**)«
* Wales m* mat lmrghti ^^e^m.)).
n fforlee retmed mi mOmr.
file ataodaod X.A.T.HA. orlop XtgUUty t*eU hr* litan bean 
arltlMeed aa tho grande that tha r^ml^itaBt aaaaaianan^ dora art 
oomlotr aoroiotrly oith tha dagm of 001111101 af tha porno rhan 
tarp am knitted lato a fhhMLe. In thla ahopier tha iimlto
abtalaod fm varloua mthoa* of i«ranxi.ng pom oillrprr propaiti^aa 
ani aloe the moaite af attallia lareatjgatlim if diianalanrl 
ympeOt^io if Xn! nlh fhhclee ond their irprnaanii oa varleno 
pomaotraa am gLvrn rad ilaaaiaed.
thi moulta af thr rtoodord anlrp rlglilt? teat am glum 
la tattoo 4(a) ond 4(h). htoh tolao mroodra lr aa average if
mae waHnga» taken three pm package* the mrlttlm if 
manta oltfeM a paaknga ono anttl hat the enMitlm of tho man 
manta brtirrm prekager erne iather iorge« Hn^ta thr fit of
Tertmlliid pirn o* obtrlard rem awg-oeieUip the aim adnip 
elgldlty mlue, each dorter if fhloo tolat eiUgfd pom ani 
ibtolnad ln in new ar p^iMUb^^r, 104, end M4 orln? rlgldlty 
mlMee. thr 011^1 ar glmn ln thr tahiaa ietfliat the arant if
aevlitlee fam the lipplier** muMp irlgldlty oaiuee.
Iha remit* if orlop ilgldltp and yam aoliopro 
^eweante^e0''^ ln oH in ilngla otmad* if prm* prr-lNri^leod tp 
three method* am leeiadMd ln tattoo 9(o)»(b) rad (a) rad plotted 
ln flgoier 14(o) and (h) and 19(o) oad (h) ln ehleh thr oinioge

























VO O.' CO p- oC\ O v\< VO CJV"










■•A»r.R«A« orlop itcUlty rnlue 1U ULaa mom# for me yamu Xa
all aaaaa the BaAefJUU aAap olcn&ty mine la lover thm the 
a—Ita oMalaaA —Ma atka teal moUdllma mA the OLttcmmb 
mm —v —■cm. Bay —L^wtla at yam ok 90% appoan to to
M tffortlm — tho aat Tfleoartim tamtam for tho Xhlm talat 
ofkpoA yao— hot lo laa oCwOlm fbo tha Tmtoolim* you—. 
Am ohoroea tho eel— olgMlty rnlum for TmtmllioA A— 
lAdooort yoo— oaa gouo—lly loom th— tha— for atom oOlomd 
yam—, tho pt—oefemo yam mll—oo mlom omhlht tha oppoOto 
toood tor ttioaa you—. The amaaaem— pmoo—a@i yam
oollopoo ylaAo Ma— mlam tha tha act— alglttty omilta.
Xt oppoomo, th—ofaoo, that If tha homy lom la op^Hlod flo— to 
the yam — la —a Ia tho oAlm a—laity to—, It ma— ^rnrto 
to Ita latm folly ooHapo— —to oOhLmm ty aofom—l— 
tomt—uto. 0th— poiao o^ l—oro— to ho a—ad fOa thmo
flgaam that tho oaimi— —0— of tho yoo— oith rmpeot to
lo—m—m oollopoo le tho oo— f— both —lap otglAty ood yam 
p—orntoge oollopoo fOr Xhl— tel— o—opod yoo— h— thia aom 
a— oppy to tho T—tooUo— yoam. fo—mllo— yo— of o
UXTBA —imp Algidity ml— ompomhlo —th that of o fhl— 
tai— —fop— yo— —hlhlt o moll— lu—oo— la o—op olglttty 
am yam pomo—ogo oollopee mlam — A——o^a— — p^^rolm—
tho to appear to tollo—o th— foil mlom—l— of
  
tit.
fUoa tMt «rt—— aa* T<Mm1lMA yrna oornur la —tar at 49%.
Ato ttapa—t—a a— aal—tad for vat Mla—tlM baoaaaa ftort—
kittttaA ffcoa th—a ya—a h—a ha— mI^m* M thia taap—atuM.
It la aot y^triLh^o to ooy th— taapontaen I—n — hlfhar th— 
45% e—lA a—alt la any ahaayo la oolay olgAilby ao* yan 
panaatayo edllayaa nlan. o«ww, a la totna—toy Mlnta
th— J—ok — or hl a— flat any ay—olahlo ahaa* la oalay 
alyliity aol yan yna—taga Mllama —la— far oo•nHi/«l 
—M aol fiafn y—n an nlan* la a—— — K%» 40% 
aa 70%.
Aa hlyh —la— obtain* f— aa —la—l yona en ha 
—pMoa* — tha h—la of tha oCf—t of a— aa* ha/ trootaoata — 
—1— 6.6 yaan. Main aa* Uatn** ha— aho— th— for a
yin 6.6 ya— tha tagantarn offon to a—n lr ogolmon to 
a ly hnt ti—it—to— on*a••lan•ln *0% hlgh>n. An lf tha
*— —la—lion tantaoat aa— aonlal oat — 125%. on aoall 
th— oapaat tha mm offoot — thn obtalna* alto an oohonln 
taana—t H 49%. Aa noon fha tha Im nlon for yaan 
aoln— to atan (tnyontan ayy-nanaly 110%) an y/^Ohln ba 
nohb— ta tha fttotiaaal fao— offaon to tha yan hy tha bn 
ef a hofThaa yoo— ahlM loale to oay aanrinaA yan Ealnatlcrn.
Tho loan nlan Khtalan la tha Bu.T.lUU aclay
ttgmty ton n /a•paso* nth tha n•l•lt/ /—alm/* — yn nlaaol
yean oo^loo n aalmtln. Cha B«A.T.*.l. carloy rl^ny
ee.
teat' is auevlsd ma% la mter it 2Cftj oith tha h—iy l*aOL &?pH<£ 
tt tbo mualJKoA pun, tklo itoA Wine TCpliieiO oft ar tooo tMa 
by o lighter itol. Xf thi* toot v*m oonlid out la aLi, th* 
orlop la the namUmA yam wiold Mt waOfoet ltaelf fUliy, 
beeoooo th* yarn fworiolly ooqulio* o portioHy adMoOLro olt ty 
vlfftoa if it* hotog kept on a p»0k*n oodoi terolm. Xa the
K.A.T.B.A. oilo* ilgldity tent, oM«i heipa to Uroek ta© tuyiwong 
bond* eoafooilblft for tho pmitloliy adhoeAvi ret ond iisioti la 
th* ioOliootiDi of latent yam eritap. Bjooenr, at th* oom
tm© th* nator WLU alee eoiae the hirikifo et tho loo amosy 
leod* rhleh hei* bean lndoord hy th* arlasping yateao. Xt lo
thoiefora realoe1Ull te oogiiaet thot oftor o vat trnMem lo 
ippllaA to thi yrio io lta etioi^ihl^i^id •anutlio la th* 
n.A«T.n.A. eil.ip ilgldity toot, Miy head* af a ooffloJlmtiy hlga 
aneigy iavrl oith iaoalA, TUo^<eio, Umbo th* lead lo firaiiy
rarovod th* calioy** yrayertla* af th* yom WU ho iawer bairoi* 
tniy e yrcyaHlao af thr bind* tot tor th* aslaplio yrtioaa Will 
mala to 1001X110^0 th* yom 001109**. TU* tffwft ea^Moa
Why the a.A.».k.A* orlop ilgldity wOiooi oil lawei than tUooo 
mated for th* pro-iiiOoad yorno.
Per ooaio^ai* B•A•T•a•A• wap ilgldity wima 
TaOnOlliid yoioa ohom o llwoi yarn porfaotrgo otliapor ar 
datamlnid by athar ortUodo taon At fhloa twUii mUped yarn. 



















Mw TaNnUMA p—a mH In— Im— m* n • k*yk mm 1—« n 
%n— Mm papatla af b—Ao bak— b, at to—to—l of lagtfr-
mtolMU poa —a lo—. Mm tto tookMfa of oo—Hog poa
(Olimpo f—port!— mA— otha to— moOU^^o— ha lto aoOMoae
io tka— It OLAst bo poo—blo to o—oio a ooutlao ioUloMtM of
MW oMo OMtOg toopo—bOM f— pOOM OOurM bp dlffa—t
poooooooo*
fig—o l6(o) Md (b) Ow tko oOMl—dbLp b—ooM paa
^vaoftago ooUtpaa ooO Ha«T.8U« o—ap Mgl^tp for ToOtsOLloM
oM IklM tol— ooiopoU pooa. lt Oil bo oa— ttot a go—
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omooIMIm a—oto b—rnoa tk—o ta paa poo—' tor tto
fklaa toUM o—npM poo— (fg.l6 b) ood tka Mw might UlfOmoooo
io poa Uo—a ag-aa to ko— UttH lofi^mo < oop go—
oOlop MgMltp oOm, tho pa— po^ooaO^o oollopaa of A— ooU a—
p—v—mM paa ia ki.Mm tka tka Ot Mo— oOLoooA paa. Tto
oaoooo tor this bo— olooUp bo— tottoat—, ln tto oom of
Tat—UoM pon— It io oM o—prlolag tkM M aoM oaaiaD—ip
k— boa foaoA 9O oOOm ham boa plMtM (Pig* 16 a) tor tko
oio poo— oklM oagp io tkMo total UNm, flOaw— U—a o— to
o liatM otto—, sa.T.sa. ool— Mgmtp oOIom. aitk o otdo
oooR Ot la.T Jia. oOLap iUg.&Ltp oOloM tOr ToOmOlooA poo—
of Mw ooa ooaM, a oomolnOla Mtk poa paoonlogo ooimpaa ooa
ooia.







































WHsimkm am cl#o glvm and it will to aotad that fw falaa talat
crapet yum** i#alai*t1<m ia atom or o teftem ysrnM radio la o 
wx^Am atyiotog# tfcteh ia of tto oalar tf abort fte ahviakaga
voIooo for tty taa jaaaa f3 owl F5 aa# lav aa voOUl to aapartta
tooaaaa ttoa# too jparna tava twaa ataMUart daVLag proaaiaiag ty
tto paaMap ttoau#i a aaorno hortar. To TattvaiMl urum aftar
ralaMtten 1x00100010 teaa o&owo a tea? ahritoage vatea abiah too
not csauadod avm 3p
ftd talked yoma sod poMblialrrty stuffor bon balked rooma, 
tte trim toJMp intonAty tai bom rood aad lo JofOioA oo tte anaboa 
of arioso fir «Ot length. Zt lr adwoAaA thot tte raro-loogth
tf tte rrirp l* ndt donrtrat aad ten** ao oeararto MOonloatOM 
of avima Xrtooolty Wll doyoW oa ao ortAnWva ototiotloiol 
tsooftnmb of o loggo raWOni td rtaowrotHua. BotouUmtlca of
o yoo* ranooftigr reilotda raimt aaa to td flatter ma lo thio 
lortonm or o divert reaawre td orioo irtoMlty, tdtaooo ooaletonia 
td tho iotaoai.ii oodoi a oodU lord lo AroonAorA span tte rave 
limgtb of tte oalmo* U talked yooo with o gvootrr auoabar td 
irioipo pav orit laugh WU offw oovt voaiatiroo to eaCeMOao 
aodon 1 ovrll lioA thon o yoom hov log o loror nuvter td o. *i ,
-J
ite oradhiaioo td oo* yoOtlaOlo* mthoA td oaoming yom 
dOUapoa yncplrlal lloa in tte fbOt thot tteao obdUa to o 
voooiaoUlo oaoalloiOM vita tte rrtaiftlM Ueeovioor td tte yarn 
aten tMot yaon lr hrtttad. thoaaibto, o rOJtioal oooooooont
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eX the erthode oX w^riiig yen oollopee pzoperttee will be mule 
later eboo the oOLlepee oX the fihrtoi knitted from these yone to
oonOL^«erid.
3.2 or jiafrflfia
3.3 tf XWW CT fttftt WMh
Wee It le requlmA te tali balky ZsI W.b XWbWoo with 
mtfcer luw#i loip#» tbem # thlek ywm le eooft to wider te aeletoln 
a tall beadle. Xt le oooaon preOtlie, bomuein* te Belt euib
fbbWLee t# eelog lerenul oedo of o floe deolow yore wOthea than
oeo emu end of n naltl«»fol4M yerne. teyorWeWte iiee poWfiaMt
to etady boa tbo dtnereiiwd proportlee af tabWloe meta offset ed 
b# lregoei<Wg tbo yuxm dewier ea o woult of en liameeuo tw tba 
number of ende kelttWig ot om tWe end wWw om feeder.
Tbe woeWte ef eeeeeteweuti on fbbrtoo tetttidL fbuw 
TwOLwOlied yerne mOwe # wwwitw nmeher of onde ere pmeueWted 
1w table# 6 - 11. Iiltlaliyr weiuna wwuemnemote wen token
towPUately ofto# kotttog end flrtehdWg treetnotWe* and ileo 
after one dey owd eooew diye oowHtjentag tw tho reHmed etote 
IW o etwdewd otweepbore. Xt meu fiend thot eeoopt fto the
fhbole iw lto gmdge etote* theme meu little fhbrli mweaeust after 
uwy tarthhur wendltliwlag. drbooegMiWly therefore, nmiewerteito
nee# tutor eWly after owe diy ef kelttWig end XmiifctWg the Xbbellm 
end weeb dlte ebtelrod lo prumrnt ed tw tho tWbleo.
».
fl#ur# (IT) ohura th# ta^i^^oe of oa laae/»s ta yom 
deWwr on th# atltofc domy of tha fobeloo aodo ftar TamsaOlood 
ywims. Am the ooko of aXarLtnl A&ta far tha fhhrloo fun throa
namo oWy’ or# platted OhL/h oro oa •Ol/atoA oa to oowor the 
matlua xoagr of fllaM& &om<oro» dloo oWLy too reriOmod atotss 
aowejt rot re^mod oad dig twWlod oro oonntead thaaaO tha 
grnonal trad, oo ooa ho oooa foa tshloo 6 a ll, naatao tho aon 
for grolgo oad ot ooa rolixod fabrlooi th# mly diffuraaaa bam 
la tho relative rntaoo of oUtofe donwity. It will be aOtod
flow flyus# (IT) that tha otltah deMOty of fabric# mOde fboa ymao 
fl oad Tf laaraaoao oo tho total yarn dam<or laarrooeo bra tha 
laoroooa la total daWsr of yam t6 laado to fObrloo of lower 
aiitofe dmity.
Hl tbo fobrloo under rara 'mltted oa oa
6 gwga pornr flat oaobtao with tho oom otlidh om Mtttago oad
the ro//m/nta•?1 yam don1*ro for ooob a oooolaa He ta tha
raag# 400/foOi Tho laoraooa la otltd doMdty of fobrloo from
77yarns Tl oad T2 lo to•raf/r• aot a•rnrtotag’ b^smo^ oooh fObrlooi 
parti oalosrlv thaoa ftem lover yam daaleroi ore of fairly loaoa 
ean^a]metl/n• The wtiLmi oomt that •ouIA ba nod for ooeb yamw
by ewpoylng elght oado omourtet to )60 dmd«r. lf lt were
pMslhlo to oa# more thorn eight oado aa the krttttag maadna thlo
mold hore roonltod la o A•-/co•o• la fobrlo otltih doMa^y* The
raoalto far fbferlao pr^t^ fun the rarylag oado of yaan T6 bear
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oot the ijpnLfic«ee of thte wi^.iemllor« After the
raaoheo the value ef aypaaLmtaOlr 600 AMoa# all the eeeUOblu 
epee* vitfeiB the loop ie ftllod euA way further Xwmraaen to yete 
denier wuot lead to a eutiUlag ef the loop with u rooultrnt 
<<K*raaae to otHeA toouity. H<wwrwwr, thorn would prohohli ho in
opt trow Tulwu ef parm AoH«r op te ehloh thte tooeaeoa to etltah 
Aouolty ooald he uheorvud. Begrreid thia aptUmw oaluu# way
further leoxoiaao lo yem AaOlur will wrwot oo lioroaalUaXy ueoaro 
oooywrtLenal feme oo the adjacent kWLttcA loupe leerttog to eoee 
toeroaeu lo ottteh dooeLtr ae ohoon in figure (17) for tho fhtariuu 
produced torn yarn T6. Tbaeu fahrloe were knitted hy usiag
wUti-aide af yum 76 roaOMLng a daiOLwr mine wa hif# aa 16*0 
aed. ea oaoh, tho fhhrtou le tho upper oooot range aro of oo 
ooonmlal ImMotwooe. 'The jooalt* fhao nuh fhhrloo heeoaf
hewowor oorrvhomtuA the apprahanslon thot la pot flosnwi. Xt
wwUt ha atetad that wot Ohaaga lo etttah deortty doo to ahurngo to 
yeso darter wWnly ariaea haoamua of the aoooanwOLed ohwera to tho 
etitoh length of the knitted loop ue no opairtal deotua woo employed 
to aortrnl thta fahria woTabla' Thu eMail of aheuge te etlteh
longth rtth ohaego to ywnu darter for the oooa wMohaa aattleg 
rtll bo eoiatdarud lo tho wart aoUtloo.
Xt to XM<nrurtlO£ to wrta fSer flguro (IT) that fhhriaa 
knitted flow yamo of high ftlawoot darter here roartted tw lowar 
otlteh daeaity wrtnaa for the wort total yorm darter. Tha darter
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pup HAocoI d yuu 71# T2 mod 16 tre 3*5, 2 m& 6. Ho
evi&Xie ollOo miro rcMMitMIc ohaaaw bpoad 400 (trial) yarn 
dealer pepfetpe heceuae thle mltue of yuc d-mUer the fUrlM
er# very aleck mad therefore eerily rietortri« Alee the 
dilt^du^c^or la elltt^k dwelt/ for fatrlM from yera TI (3*5 <«?•?•) 
ei yera T2 (2 d««^»f«) ead yen 0€ (6 d0p«f.) at, for e&mFl«,
400 yerm derizr, le norm yrooauaoed them for tW dlfferauM la 
fkbrlca taHted fra yearn TI ead ft. krith^2 hoe ehoom that the 
•lTftoee cf em llem! eyllodLrl^l rod ie propcxklcaml to the fCuth 
power of ito diabetic ead elaoe die-artor le proportlona! to eqwmn 
xoet of the tunUr, it folAim the! etHfamec of a Hlmeit 
iEorrmrcs me the e%exc of the deri.«Tr Tie dlff^<^.rmcee ee
etated above om therefore be directly merited tc thle effmt•
Af tbe flHsent deal or inon-eaee, ite atll^i^i^iee laereoeeo ead 
therefore im ftebrlve made fom eeoh yeme, more reeletanee vU!
be offer*4 to binding esd ooneeguemly to o chmme la loop thepe 
ehloh le rcooeeieEy te give rime to lnormeo la etltoh denmty 
eOlmoe*
lt rill be obeerved that yone T? mm! 74 mre eooemirily 
edoMlor la ell reepoote other them a dlffmeNioe la the number ef 
fil ornate oeartltutlny the ymne mO the total dcrier vOlme. lt
mould therefore be cepeoted that knitting lhbrl.ee from doUbLe the 
auebo» ef emde of yewFeewld give reofly the eem d^Meroeiooe ea 
tahriee produced from yum 74* The reevlte obtolned for etltoh
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drnlty wlua #% preamted la figure (15) am ll rtll ba mated
that daqplte oom motor the fbbrloo batted ftai yaan 72 haee
a/neldooaby ^<#or etitah deadly eolnea far may glena total yrna
domeer. le lea ■ amble eeplenaticn far thie behorloar eon.d be
thought ef ond It erne deeldod te eheoh the eeeffleiUmt of fb^e^om
ef theme tee yman eldlot wee-mag* the eeeffleim of
fbletlmi tee ende of yam 72 voce teotrt together oo oo to nante
tho eene total nebae of fiOaente ead yom aaan oo ta yam T*#
The nlueo obtained eere 5«4 mod 0*21 for ymao 72 om T*
66retpertlrely. inttmg heo denawOrntrt that hl# yoa blaetta
friatoa prodt»/oe hl# katttag teaeLa end thorofora a ebert 
otltoh length# The fbhrloa predtooed fboa yoa 72 are of eOMter
otltoh lengtho oo alll bo ream ln the amt eeetiom. Thlo
preeidee oa oepbaattan for oa eppwaOly en^aOLauo beheri/Wl tho 
algnlf/am/e of athta# liea ta the foot that ln pamdl/e lf for oom 
reoom the baaVUor doWor yom le aapltlaad by a U#htar domer oao, 
keaptag total demur ate. the eene It rtll mt be paeOLbla to obitoL^. 
the oom ftalebrt dtaenolom arteee the a/w^firt<at of frtrt/m of 
the yomo le the eene or a yam fending AarL/a ta ^ri«
Of the tao aelaaOfclaa paaoeeo// for «Oeh raoalta bore bem 
plotted La figures(17) and (15), it le apparent tbat tho d^ 
twuAtag proeooo glreo eomebat higher wetaeo for etltrt daaOLty 
tha tb/aa obtained elth tho aet aelOanlon treat aert, #tl#t ta 
rathor e^spr^e^ be/ou/e eat lelt•»IOm lo oaRtad out at 45% oad
onan^es in stitch 3ensit.y oy var-i
in tne ccei‘i‘ioient. of f riction of yarns.
f6.
to total* • elOHUm off art » to 1—tQ ln yom Itan» tog ralMatOn 
Malli to mKLrt art to Xt 1a thaigW tort «to«v
omtrn a 4mgglirr fort on toa ftoolo otnrdg tnartaont tdoo 
hiadm lta AOl rtriLetBtloa aaa toooe lowr rtltab dttalty valart 
toe art lal—aft tMoloa. MUaMBa of fmuaioa ln rtaiaB aa a
t^amwa paws Ml Malta la rnty yutUl mO^ot^^Loa ee *111 to 
artad toon tbo atttrt laoalty tiLOae toa ano tobriaa (tablaa 6 » U)» 
Urna tatolna only aUeMly eboan tha tolaae to* fto^aa toy mUsad 
la toada nun^J^ rtata oad hdac eato 1aaa ttna IMm tor ^^aa 
aothaa art taaotod oa toy tnnblto. Tblo enaypnata that boat a&oayy
(Aon toona) in art by ltaolf ■amrtaaa No onaoa rnnyirta 
aiLanatlaa althant mpftlt4O ■yiotloo oaa the layllmlim 1e that 
onto a fatale la 11^001nmlly oortable oa ihoa aabjaaoao to art 
tvootooat oa toy tnablloy ln anbooqoart oooyo lt «111 oolax lOthta*»
toa data obtalaad torn aoammnaali on totalio kalttod lhhB 
tolae tolrt orloyid yaaao (f to 10) aaa peQaarted la tablon (12 • 19). 
toa leledi^mbly baOnaor totalo otltrt daortty ond tha yana Mrtar 
aoed la rtnaa la flyanoo (19 • 81) toa fotaiae taOLttrt fma yonoo 
R, 19 ond R nil of ahlrt am of nyya^iiliotidy W oOlay to^bdlty. 
dlttaogh, oo «111 to onna fraa tha toklon, olalloa tornado aalrt fna 
rkanlci yoodooad fOna rttoa toiaa tolrt oaLoyod yonao oood, too 
annUlto aaa RRrhltally ohoon fov tto aboao aoatlonnd ttoaa ynano 
only to ooold IrololOho of too aany ftyooan. lt «111 to rchad that
tto doOLaa of tha yana la pso0lNaaltaaly l^aoooodv tto otltoh
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twit? vMn# of %• twtiitat fttoio #»## $mm. ftto lo tbbo 
rapport thn brtMMlonr of fttM trtrt ornip«A jwm 1# diffnmnt 
flm that of the ?«rtnAimd (rtuffor bow artafwd) jMM for which 
tbo Mbrlo atlteh tenuity laomaad with #n jlomoaa 1# yun tadrn 
up to about 600 • TOO total jam lnwlnr' Mia dlfftowaao own bu
nwmtlwlwd rtth tha outturn nf MLm trtnt jim lm Mlah lba inhwwmt 
ouiap AonWinpw uujldy an mlwiM nf wtnrtaw and %& lnALrtdtal 
fHnomia oawtltatlag tho jam tmd to pvalap apart* Mia aonld
MOinMiij aonwto aom itoiiiiim tw Mrthwr jam ooHwpaw aaA 
laOwiiA otltoh Arndt? aniwno rmXt* Ml nwOwtinow to jam
woUapwu ia aim 000X0100 tj tha fart that thnm rtll ha a giuotwr 
lutwnflinomt mtwnpfwnawt ao tho jam doOLor laucoouno haaniM of 
m awcMOMrlhg twoonntt io tho unoutip of fUnHc It ia
iotwrwwtiou to nuto that VJAteoOL and Vottlag^ aim fooud that 
iounuuolou jim loulor fair n Ihlm twlwt jam of u glvaa dap 
WAAII? kalttrt to u fimrt ioop longth aadaaal tha offootloo ouiap 
oortwnrtlrn ood heuoo puodnood fhhoLoo of o iwoou rtltah dunOLty* It
mot ho pwintwd out that tho fwbolwn powdiowd fMoo dlffoulwg jam 
dwliwm io tho poawant wtudy aom mt of tha aonw otlteh iingth wo m 
jam funding dovloo aaa owplajud. ttaauathaliaa# tha offoot of on
iaoaowou io jam duniou ao fhholn wtUOh dornlty io wCrtlar to that 
found hj VOUawA and Oultiig#
far wnj glim fhhnli# tha loumwii io wtltoh dunAty do# to
flodahlng tnmlaortw iu u dlrnot wouAt of thu fhhrla ooliopna. It
mil he swan la ffigum (19 • ll) that the aeonal sf this ooUopse 
Is greet «r la awgtUtade for the slaokee Mhrlee, at tould be 
teptstsd. la gtntral# the affsot of selustiaa tstottooBla le the 
mm ss alstady dteertbtA for ihhsloe fhoa Twrtaalleed yesM'
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ltwe esiag sigldlty le a aaseuTS sf jtew 0x^00^100 end It 
1# rwenaaMe to ttpfoet that It e111 sessolts boss sottm! on the 
saleaed fShslo dlrnotlttt* It has base sstsWUshsl hj sarloas
ssra<snt^t^t^,^* that if a swags ef falae telst eylsa asdaptd 
josne* dlffeslaff la arltf sigldlty vtlata sso keUttd to the asm 
otltoh length# the stltaa dmutty «111 leasssae Wth aa lnossnee
le orlap rigidity.,
fhoa fieasta (22 • 84) the lnflutast of yam oslgp sigidity 
rn fabrla etiteh dwe&ty lt e^ad. la Ilgams (23 • 24) the
sawOlta sse plotted for faarlee asds ffcm a msylag aaaum sf eate
of a pMtloular yam &wW>ar and swoh dernUts wee amiltble la t^hsse 
orlop slgldity relate. le ligase (22) data le plotted for only
two sslAp siglditlLee ee the fahcl^oe fsoa thw yam of eppsoaloately 
10fc orlop sigidlty woOLd not be kMttod dew te eaae yam 
eettUlhrttusleg foam. for the asks of alqpHWlty aa attrnpt hoe
born ewde to dews eeoiot h oaTses thong^ thla la net fhlly jaatlULM 
betake these appeam to be a jpsaat deal of erntfcter. Amroas’i soea
lf llaoe ase dsaen yseelag thd^Agh all the peume, thle MU mi
dsmtloUly alter this semOlnE&ans• Tha swatter Ia tha samite
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rdO thi ttffloulty tm obtaining co^etiljy ortnort fahaioo, 
thio tatitag partlmmu&y ootiornUi tar the XxZ mb itrwUwi ###&
in the pornert votik' thooo befog tartly diotortrt'
In #«M#a1 It la oom that lhftrto otltoh Aanrtty lnooMBoo 
for tht flrtohrt fhferloo rtth in lnamii ln yum ootop B^gntr* 
tar tty lo^kKoO Ihteioo ln thtiv cnIoi otrto* tlhfw yon oolop 
HgUlly Noolto ln & ooM^t Ioraf fthtio otltoh looolty* It Lo
ovfcURrt thto Mil ynm ooUy to net rwaUtooo mtU the fUMLo lo 
given o more thorough rolaxiitiD tmmtmmt*
In flguro (34) Ihbei^flo moht ftem ynono (ofco f? mo V8) 
malno o rtoo tttoo of lortcoo mow oaalLllmot ml it io Ino mooIio
t0 note n far prtrto Ilortlyi jmn oMm mgnity ogptoot oo pioy•*
n ovotir rolo ln oamrlUimt ljmflmrtaot of fttaloo mUo Item 
Ugetm dmior joonou Xa fhet ter fttrito yxodunot Una 1000
dmrtef jm, the IoteL^o rtltoh AomiHy foo ttzoo UifflomlO oMM 
rtolrttlao io uimtot the oom ter o povtloniom otato other
than ter grrtoo fttklltMo SnoMly, the otltoh Uonoty of ort
ooUhmU ffortoo Urno oojmonlnato^ 790 yawn UmLoat lo ano fcr 
iovoo ortitt rigldity ymrmo TALo or^mo t-oooooo' yoono of hiih
orMp rtmgth natinot mill rmtriotoo by the Inch of arrtlwblo 
oyaoi rtthla the loop* It 1o MUmrod thet the oanmt of illaomt
oeaourtllA in-arlttot rtth on laoroott ln yam MUtp rigHit^y thio 
tefog ro»vlmllriLt for filing op tht ur^^ihlo opola onA thoo the 
yom lo no obio to ortlngm may ferthiV'
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Am m wmmit of eeato wmmwo^i iMo %ha fhotima thst 
dgtewiine Wa diMwnnnnnn of a kMttod fobMaa lkyllO® and Ibnifli^ 
heso sotobUOMd Wm tho loegib af yam ia a lowp and ttw aenba? of 
toga lo the fattlo eon tho only fhetam affect lag the IlmoMima ef 
a folly sotOne! laaeLO. la tha posviass aootloe, vnxiotom la tha 
esa^ios of loope la a Mhois oa a aneOLt af o chugs ie yaoa doOloa 
hoe hse^ dlaeoeeat. tho loo* lengtho or tho loegths of yam la
tho stltWes of fafeei.es nodoa eaoBldsvotian fcm Tcstsolieod yams 
(tl • T6) ocao osamad mW oso seaosdsi la tahlni (d • 11). n^too
loop lengtho ave plotted ia FLguvs (89) for fhhrlee mdo Aon joaoe 
tip Tf sad ?d ogMeot yam dealem so sea doso for fhhrie OUtofe 
dwe&ty volute. lt siU hr oore thot so the jam danisr iooxasoos
tho loop length decrtesst foe oil thaos fOhrl.ra. waorsss fas
feaEiaG osda fPoe jama T2 red Tf oaa amid asport thlo sasWLt aa
a ooeeapeftoo of inosesss ln stitch dmeltj Wth mo inarsose la 
ysm dadcV' the Mitch lengtho for fabJaLco floe yam Td ahold hoaa 
learoa^od with oa lnariiea le yam daAae aoamoBe thaoe <*1x0100 
e&hlh.tsd a ^^ooea la otltah daeOlty Mth ao l^ss^ee lm yem 
dmlana lt oust hs<aenorf hr s^ool^^^d that t^*^^ thlo oitu^^<ai
seat allot for fahel.ss /som romstntianol or wOhOksd jaeen» it does 
eot ao^f^os^aally apply to faarL.ss tto hUked jnsos boomae on 
^aaoeoa in Mitch density of three faaslae is oaiAXy roo^otrd With 






























X UOU , \ -•3._>UG'T VOm<?* • / «•» w * — <v-.-
  
Xd.
Xnerwee In jiom dedar Xnpliea that there 1# only a mall cpoca 
omaisUe WtMa t&# loop for yam aoUapae to oocar and hanoa the 
miteh dmrlty la Amreacwd* Ibr the fhhrlo ftm yam T6, a 
arnll irumma# Xm atltoh Xmgth la ohacered when the total dmicr 
tbIm la leamhai womf 1600. It rl^.t he pooahle that Aar tha 
partleolar naoMna aOtlrng eqplpyalt the teswlan dcrcdopad la no 
rr^offLal^pRt to warn* all the orlny face thla ycax thltfi la, thmafara 
f«d to the noatflea ia a partially cr^vp^al at ate leading- to a allghlly 
longer maearcd Olteh length.
Tha MS in l<»r length of a fhhrlo dth an Inomaaa in 
yam denier ncala im eKylanatl.on aa nleo daee diffwmoe In leap 
lengtha for nay FMXiedar deafer rnlna far IMbTLoo kdttod foo
yam# differing in their eomtltuent fllmeat donlrra. Xt la
hnenn that the length of a yam dram to ffern a loop em he altcced 
by ad,mafclna tha aaaimm depth Xqr «hl<A tha aee^laa Mil. Tha la
in Met an aueeptO MAhale! Mthod of adjaatme the aliltch length 
end neene are pamrUad on knitting MroUnaa fhr thia prnrpoaa*
Thia, however, deem not alaaya lead to a aenakast atitch length 
beeaaee changes iM other ffceteva aaeh aa tamaiem in the yarn Aadag 
kMttMg, fttatlmal praperilaa af tha yam ate. earn and do alter 
tha atltoh length# far enmlee it la ohoen by Mtttl^g* that a 1% 
ohawra ia atltoh length oeeara when tha yam teoaiem ia ^^erwaaeu 
from 3 to 10 gw', thenn eaMa hatag oitaM the range of aoarnl 
kMttMg temloM far the partl<M.ar type af yam end muoIm.
in.
Retort fuhlletaA reauKo tf Xadu tnU MQekuWlanl*} on the 
tbMrrllcM tf yam l^mltae during kttttLteg eino point tt the 
r»et that vorlttlcco ln yam teetitn ietd to oon^^lot^lt tbengko 
ln aUtah iengtho.
In tho prwent wtnUg, nineo the fhhrion wort ktttteU fhoo 
v&loue y&xa derdert W^th^'t say abtblat uAjuntnertn awlo, it It 
rerneQMnhlLe to gtfpofct that tht ttaeitn tf tht yum Wmu knutlng 
lighter Uon.tr yunon wart hare brntn oonkiltuelhiy iorer then WA.n 
knLttlng Auurler dewier jame* TALs Wll wcotuot for ionger
wtltcA ieagtAe for fiArl.ow aWAk from lighter UtnLier yarn l wo 
coavurkU Wth AouVLos letter yaat. The rarlitiwo in etitoh
length wo u randt of eAwigoe ln ywm tenuim hwo been uttrlteteU 
to tht foiliwing fWo^c^mUhL
(a) *yna QKttwoien1 nt Aljb knitting tewtma tnU
(b) Voting butk’,thl robbing of yum by tht aeewlo it the kttttLtag 
point free the petiiewely flOWlU ioopo.
Figaro (25) wire uAoet that fur any given total yawn dorter 
rUiut fur the three typeo ef yaao under ttnwldtxntl<Mi, tht loop 
iength of tht rwhrloa le AlfTeireBt for tht nothlne eottlng vtttA lo 
kcjt MUtawnt. Tht plreeaOnge dlfftaontt between ioop loigtho
for tAt yamo T2 wwU T1 and T2 and T6 Won knitted tttA u given 
oouot (t.g. 410 - 420 dorter) art 4 •! and IS«S roepeckiiruly0 thle 
oeorniwg wo the fllarnt Uertor Inarnatta from 2 to 6. TALo
night bt ecplaintl on the wont bunln wt that by WALeh the variation
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ln stitch tartLty With ahaaivo ia Sltaaet taller hoe beta 
aKylataod io tha pratlesa tertian. Zo addition to that# it io
sstMoaMOlo to esssot that re tho yem io thrtoOtO ta tho snohLet 
ia tha aenoSl soosmov the ears of toSksefc of oooa laOlvlOaol 
fUmest With woXlaor arioso, yem SotOaro eta. lotstsoao with o 
Ostvasoe in SUSaest OennLos giving rl«o te grootar Motional 
Sheets Wh.ea remit in tfasator tap lengtho.
The dots in Flgsxa (*)) lo plotted Sit ShArlao that aero 
asao soSmeO by day tonAllng sad wtt ttestaaet. Bicoo relsaotias
> mososae Aire eat remlteO La ony olmliism raoegot ia otssusod 
tap leogtAoo Beam Warn oeapsioO With taw tap lengtho eS tha
ShArlao la their garige etato (tsalre 6 « 11)v them tve tranteoato 
lo nOOLtloe to aoleeatlaa sS SShrleo la ottos hove oat ascoad op 
thaogno in tho a—aeswO loop lengtho. TALo lo ao exported bseoiBo 
lohloo 5(s)» (a) sod (e) laOlasto that the aotwSi thrlnasgo eS them 
yens by the trratsosto vOOri ooMlOourtloo lo eS s veny ta order*
lo FLgoaa (26) leSlvoom of the sMfSloiast of SrlotJOs eS 
tho yore oa taetttao loop length lo shawc. Tha ShArlao oado Siam
OISftxmt deolcm of yoseo T2 end S4o WAML vary lo thtls otaSSLolsst 
OS fOOrtlos hat sso oliSLlor lo nosy ethos rraptrto9 sm of OlSSaxsed 
stitch lengtho. TAoa if tho SMrtloaol propestloo af ysxeo sso
eot obtafcaO rod the eoaooosty onehlno sdjsatassto wOeo tALs 
wwLflSlen lo tho a^SSLe&esI OS SPlrtleo woXlO lend te s 
oocelOagoble obooga la the SLSUhoO 01 oemc!ano af the remltaot
  
Yam ^enier
26.o' 1 P \ oia^*’>“s in "t uc o ieo:th Couscd oy V s r i 
io the coefficisnt of fr let ton of yarns
u iO
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tantee* Mm tto m% of ohongo la otltah lmgth with om
Immlm is ttw total yarn Ami* appeasa to to Uf llo s jost vita 
s ULlO aoMfSloioot of fs&aties soft anil ahaogoo la tte lantl of 
total joss ooOLto will psodoos oW^lvaly lasgo aheoros ls tho 
taOItteA atltoh length eoi arnos ls lha Seasio dliooadcaou
She loop lvaolUo af SUhslae kiSLttaA Shoo vmoyicg teds of 
Saioo twist <asinpsd jrswo (FL lo St) oro loolaOai ls tehlao (12 - 19). 
ls ardor to OooweOtMta tho iaSUctmoo ef otasgt ls yam OooLto oo 
■rosomO otitoa IsogtA, sewolta owe pvastottO gmphl^Liy ls 
Slgsxos (27 - 29) SOo Sbhsltw mOOt foes poms Ro 29 ood 20. Shoot 
lhhsZas esse sOlrattd botoero they ot«s sowOdwroO ls tho previews 
sorties abas otoaigor ls lahsio otltoh Osaoity sad obsegss ls yam 
OoSZox woto eeaOLoonwd. ■■zcOiwtiw af 21omto (27 • 29) xovoOl
thsl loop lengtho Osovooes With os laasrsto la pane OoSlwn oo wo 
noted foe ShArlao taOLttta Slow fortiallMd prose eaO tho asplaoSiloo 
aSSrrad then OhoSld oloo held SOa throw Sobsiso. Shone ese aa^anm, 
Mortals SOoto ohloh OhOiio bo aocoioeowd. Slswtlp, tho loop losgtar 
SOx Stasias node SXes psoas 22 end 29 eS 560 OoWios pass aha* aaae 
lsestaoo aad, Ohoo tho pane Orrtar la lnasowooO Shsthos, the 
sso Wired, loop lmgtfco ohara tha uiorW. drop. Sht —oral eS this
laaoseoo Ohta aUoSlatoO an tho bools of loop length Sox the SahrZe 
SXes 420 docls* pass lo WLtais Iwm pox atSt. lt la sathoa 
OcoShtShl lf thie latxosto her opp ^oar^itWl slgolSlawoo, oowoLotaWL
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Wlma thlv wrlstlcT 1v igvorad the$0 support thia.
bngiv to flattm, fuo (VJ)» sad vvy ehsnj— la ysos deBer above 
a osnsis XnvVL to not vppaiur to nffnnt the knitted vtlleh loagth 
to a nnnnn vrteB. Uooosdly» nt vvy value of yarn dOuSur. the
ntltoh lcogth nf tha f^ih^ or trcvtrt fibrin ia Inna than la tha 
fhhdo ia itn nMfv ntatv ladOostisg that ns aaoaat of jam 
■u’iskasv han tafoua plume. ia thn dotaim of psoamiUjiff
naBUtioan aB9lnyad during mm bsXking am mt ksosa» it iv 
difficult tv suplals thin vhvaund uhrtoksgv.
J.41
Xt iv gaannlly vvwntnV that tin Antw» yarn oudop 
algidity und fhariv atitch laagth am of yaussy lsyortuaos ia
aantiollHla thv dJnssaSiasl gmyartien of fhhrlov. Burnous it
han mo hoan shoos hon yarn orlop algidity ItisXf lsflSssocce thv 
knitted stitoh laagth. Thia in ymvaseblj buocsse suet af tin
sash rqmted la for fstsiso krtttsd fkau bulksd yanv aad
frodauud os auuhlsun sgiipyud sith a Arnies fte oartmlllSg thv
length vf yasu yav suama. Bus* so ouuh taslov sun aoad is thv
yrnaast laaoSllgsll^aa, say uhsuguv that sssav is ths laay losgthv 
of tin fabrics knitted fsrn v girns count af yearn of dlffumat 
arlag slgldltlcn sss bv usturnlly ssSLipsrt to thin latter fkstsr. 
flgasev (30 - J8) d«sa>qoUmtv thin sffsst fur fkhslsv kalttod fhas 
fhLrn tsist srlagnd yuan (ll ta IB) of sppsraSioSfcSly l0g> lOj and 





































































it will bw anew ttal tlo loop laagtb dom^iomo ww the yum rWUp 
iigidlty inmanum uaA ttot tlo otougr ir of thr order of five per 
omt. It hew burn rbeurrerl ty toowlM^ thet Ho prrrrefcrgr or^g
sigidity wee reopooLble fto w d^lPfrrr^rr to yem bowrleuir tetvam 
rrrioer yum Ourimg ymm rithOxmrel ftom tto prekrge rhLlrt 
tarntttag err teklmg plerr. At thet tmr tto dlff^rrrnrr lm tbr
oorffleirnt o^ fkiotocm of the 10^ owing rigidity yem end the JQ 
orlop rigidity yem iTrnrrrerd ty eimort 100^ thie bum dm tr tlo 
yem poaaaarimg r hlto rrltap rigidity rwlmiwg mre them that 
perrrrrlog r lrrrr estap rigidity. The emmO of tlo imornre roe
rreeartrinod ty iaarr^mg tru dvriere, m ShLrluy fhiotUm mem end 
on eleatrenir tmmrouoer ehieh ■mured yem tmeloM boteem the 
reppy prrfcago end tlo kMttmg guide. It ree noted that ehm thr
yem eitMrrml rrtlcm oeereO ee tlo kmttmg hrrd trnrrellod bfqroad 
the eouOle rioth, tlo yem purrarrimg the higher eaito rigidity 
rolleproO uorr gulakly rnd did not fhlly mgrte ita mroll^i^a<d 
atrte rhum brimg drem im for tlo me oomor, thie etutr of purtirl 
oOLlapra beimg tuopomUble for u highm rMfflalmt o^ frdaiom rnd 
mbaaqrmtly r lever etltah lmgth dee tr inararerO rreirlenoe than 
the rrehJmr midur. ihrthor ronfimotim of thir me ettamed by
plrr^mj u yem uprro mUrn uu murr te the kmttlmg point er pmrthlr 
ehm it err mated thrt tlo yem pearreeimg the highaat urm 
rigidity mmr hud w levur yem rpmO per omree, thir im^J^.oeti^ag 





Thw loogta to Wiota ostio of o ShhxLs Lo OoimOLssO hy thr
rntlo ef ^^rto* par iooA te wOLoo per LomOl or Mat Lo kMon to the 
atllOh sampo. linos this Shsftes euzOrola tho Oiootaleoa ef o
SahXLo, it Lo MOtOlal to her* WAsA Bhaooot Lo SAkSLs length ooO 
Width two tooted ty ohorgoo LM yoso OwOLor'
lf tho softie o/* or solwloftsd Seen tho wOrse ef a ood w 
(tables 6 - 1) See tOWosO SAhrLrs kWftftad Shen fmtrWiaod yona 
CO. - T6) Lo plOttaO egeioaft yam OoWdse, it WU Ao eotoO ihel thio 
ertle dorwroots Wth oo Lesrosaa io yom soail so to shoWt 490 
ooxBoji hayonO thleA It htgLoa to sLOe« The Lo iUBotrntaO to 
sseo sKtoot Lo Slgovo (U) fro wOt tmotod end dgy trnhlsd ShteLeo 
otOo Shoo yomt TJ aod T6» thews oOly boieg shown te smiO eras- 
headiog lt Lo rloox thot for tho SAbslo mode Sheo yem S) threw 
Lo s MlOmo wOLm af a/v snored 400 OoxBlot Tho ottos that w 
to that yam doOLox tho SAhnio Width iownstaoa on solossidOm 'The
Oooa hoppon oo my ha too* SAao tsAlse (6 - 11) Ohoxo a 4Qo Lwreraatt 
Lo Width oooom Sox ShbWaa sods Shoo ldghtwn OssOdtn yama. Tho
rcoaon Sox thia Lnaxoaao Lo SAkSis WLitA ooy bo todoxoftoeO LS it Lo 
soollaed that s daonaoto Lo yom OrsBdas giowo s Shade of louao 
stitch OsoOLty (soaftlM 3*3} ooO aa tasA, s woOlor mOeor of loope 
tmllobla to Shoes the sinews roosted hy iho lako-Oom tnaia 
otOhoilm Wta tho rswBlt thst the loope saw AlgWy distasted io 
loogftA' SoSLsg Shhrlo SLMOeh^9 theos leapt WLH toed to eoanmo

















their msmI emflgarctloiN this rmiltltg In ee lanwrei in virtth. 
lfo«i fahrias am kitted fam yann nf s howler Ssrtnr» the leaps 
Wll not to #t%<wt«A tw the mm mrtrnt n* tftwv finishing mdlMt 
e meHer ieiVMfW ia width sm If the yaen farter W farther 
imnmeed, eUltlt i desreess in width sat hmow sa lnrnmm ia m/w
fall. ftot this fam tepptm in niteel pseetioe hm hssn 
eseflimi by fai^• Xt TU to uted ttot iiewsmlag ths jmn 
dsilm Harts osarsee per im mss than wlee per inm It 
esaut, howeeer, he slelnsd thm this snplamtlsn minifies the 
rtteatln fhlly, hsssaee it is ihmght that mm flnmel rigidity 
will rn.ee mfim mW raties
toy dome a iliinan wArne of o/w iUlo seonr in the iwgioi 
of 400-900 dertsS fam the mlUUe iniocnmiem it is iathaw
dlffimt ts effrn e mtlefietm esplmaiou, het neesM&see it 
ner he epssUrtm ttat aiaee the fhhriee worn fcrttted aa m 0 gems 
power flat eeiShlne fsr mhah the irtttols snegs of ymn doUm ie 
400-600, the rnetiLe syn^m noi yam spue in the matte nit hooh 
Wgt hue loai iaflnonss on that toppweleg,
Ths ohasges ia q/w mile rtth ehsnses ia yearn denim for 
famim fam Ittie twin srisyed yarns (11 - ft) us ahme ia 
limes (14 • l6)s Smiho fhhriue from ToetmaimA yexme these
fhhrioe do not nhow i dnoraase ia this xaUs w ts menl 400-900 yen 
dartsTs U hlne Hrnsi mrsss for Mt&m eod nSsm reUort
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ahazaaa art mUmlng and diqr tmblL&g tha Marla doe# krtag an 
imasaarr la a/a mtlo, %# valuaa for ateam salaxad Martaa an 
aaxg doaa to thora fa# gsaiaa fatela#. Thi# 1 a ta^tamaa taaatlag 
a fabric ty ataam on a BtfTaun praoa baft flaadmwa wty lltttLo 
ralaaatlon daa to a leak of Ayaloal maitatioa*
than the aalaaa of a/a aatlo at^^^ed la thi# aoak aza 
aoapajad with the aaaidta af Grttan and BUdon'T) for XaX rlb fabrioa 
node fWon ?/fO denier Mine talat oalapad nylon 6*6 yam, It la aaan 
that thair raaalta am naah hljhair It appans# that they haw not 
taken into aoaridasatlon the roar of lo<opi rn th UmOk of ffcl rib 
fhhslo and than thair waloa par lath wltaa me ooljr hlf that 
aatnally poaaoaood ty the fhhslo.
Atom doaa not appear to ba naah lafosaatlon publlahad on thia 
partloular aapaat of the aork and thasefore tha rnaalta aaraaat ba 
wanpazad eUh aey prestona aosk. Tha laa^ta of Fltton and 
hoplklaaonT) and SsKlaatal and Gol fbr plain knitted fabrfoa fion 
balked yarn# ahar an inasaaaa la o/w ratio with an llasaaao la owwr 
{hetor. it r&oUd ba painted oat that Fltton and ft^hktaroa dofinad
the oowr Motor ao tha ratio af loop length to tha aguare mot of tha 
yarn dnrior whasaaa tha aMlproon! of thir ratio war naod ty 
Sg^Hoaton and Cog to sopmaeBt oowr Motor. B^iaows^i fSon this
saoolta it follow# that for a oonsbaat atltoh length# tha ratio o/w 
rill lnasooao with an inasaaaa la yarn danlwr. Thla la la
agaaaaont WLth tha saeulta bbtalaad in thia lawiatlgall^en for isl sib
urn.
Mbriw. Bas mo fhbrlM, «b»Ub^ has ahoei that aftss md 
ralaaatlcm the loop shops la imdqymdant of yum oouat, a foot 
WWoh oanWt ho oppHM to fhhrtoo oado Mm hoiked yaeae.
>•» Kim ftCJMB ffifi ftUMlfar wt-fZn frftto
It lo ooemnly underatood that the orlop rigidity of a yam 
gaeemo the dlaeaeione of a knitted fhhrlo. Xn flgprno (34-36)
the effeet of jam orinp rigidity on o/w ratio far fhteloo knitted 
fkoa fhlee tWlet edaqod yeme le ehown and Thtoh deMeortratee 
that this ratio laoreaeee Wth on ^Mreaeo la yam orlop rigidity. 
Thio ladloateo thud yam retrnetlea 1s fahrlo fdm hrlage ahoat a 
prOPnStlQaato2p greater change la the eoaaaee yes laoh thaa la the 
ealea yes laehs or alt^anRa^t^^Thly aore la fhhrlo length thaa la 
fhtale Width.
though the mletlmehly hotmtoa yam erinp rigidity and 
e/W ratio la ohom for ^hhelea fhon fhlao twlat orlayed yama. It 
1s aapooted that the oano relatlMehlp wxRLI ho egy^leeh^o to 
fhhrieo knitted fken other typea of hoiked yame. Fltton end
JUrnftlBaoa'* hero ehom thla to ho tme Om ylaia end iaturfcxfc 
fhhrieo knitted fron haaloa (etaffer hon halted) and felao tWet 
erlapod yama. Cettm and Madon'* have not aaalyaed their data 
for XrX rlh tahrLoa free Coutolon (fhlao tWat nylon 6.6 yam) 
to ahor the miatl<Hlahlp hetWem o/w mtlo end yam rnrloy rigidity» 
hat ft can he aoea fhon their reaulta that a alnllas tiend an
obtained la thla nook edate
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•fTwnteur eaxf ei^loylag umvcAiomal lypow of /aim 
lolttf to & vldf xmo%> »f locj liagilio haa ehom that o/W ratio i# 
epctl ta 1,3 ?:ad 1# lajhji&&di4ti of y£X& eeaat o& kaltilhg itLffneee* 
The recrtte for fhhWee fra belied yum ladlw^ie that ihlt retie 
cbafgee mt orty Wth yatm £f.rtor end twitting eti^fjau^^^i bet 
Wloe Wth yem orlop rigidity,
3.6 «" Nteu %m
The teem fbbiio ebrlwkwge le omd hero te l/^^r the obeegwe 
in MbWe UaoiMlixio me e reoolt of yen ooliwpww ia the fbhelo» 
etaoe the febrio ahWamge ii not owei! by ohmegew ia the length 
of yoie la tho loop bit by a ohaage la tho oaaflgpiemtom of the 
knitted loop ohloh ownwoe the odjoeont leopw and love ef loop# to
aeoano w neve oonpeot otvootivw.
ihwa the volaeo of area ahrlnkagw ae ohoon in tahlee (6 • 11)
for ibhriea from T ortralloMrt yama wore plotted ogainot their 
roopwotivo yam deolwro, a way Inepular hdhaV^oor eoa foana. A
elallar nmdon mWaUon ef asoa ahrlnkagw elth yarn deWer wow alee 
obow'wd for fhtalee wadi fhon fblee twiet winged yome (tehloe 
1> - 19)» nde paobihly rofleoto the difficulty in obtaining
theee fbaalaw fn w oomlleely lwdenort foam.
Tho rwaalta cm, hoaowr# bo interpreted in another eoy.
Hom the oonowpta of febrio gaoeotwr it baa boan well oetwhiiabw
that the dlneaaienw eaoh a# otltoh dooeltyt o^eaa per ieoh, awli
pwr inoh of # plain omt fbbrla in lie roHmed state are enlgaaly
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drtemJted by the length of ywm kUttad into n nag# the fhhslo 
boBL^ been krttted fbon 4X1101(0111)’ otnblo jw». Tho bulked
ywm aaah en veve need to pvotaoo the fhd«loo ea^^.dovad in thla 
makr howeves# ase not etehla in dlaaaeiaaa haemee they ase teaeJoa 
MMltlse. Thaae yama are krttted iw an am ended fam bat
aaheeynartly they o^IIi^oo in the fhasfor thie being the aajor 
□mtB&faatlmg fhotos fos odn^^oo in fhhslo dllOlwlolB.
The anoUt of yam aalfayee will bo detoodned by#
(a) the available epaoa in the fhitaSLe. Thla apao» la goremed
by the loop length and yam dianetivr tho ratio of the tap being the 
«ovas fhrtioSr. Bioomaaa yam dlaartar la ysaJoatfalaf to the
egMaso root of the darter# ooves faotos can bo eapsaaaed ae
yfaolle/-i .
(b) the ooll.apaiag power of the filrneato to adopt thair ortaped 
aoaffprmtfaa and of the yam to set mot.
Tho aaoimt or yam satmot^Jon fas fhbx*foa fhoa TnrikmliMd 
yame any ba oom in ttgasa (ST) in Lhioh k* r (g a ^ *) la 
plotted agalwaf yam dorter* The figase laaf■ndee saaafta fos
fahxfaa mde fhoa yame T3 and Td and la gmmal tha aaaa bahartoar 
aslata fos fhfc^oa fhoa other yama weed it rtll be obeasved 
that a dearoaae in k^ value oooam rtth llasaaaa in yam darter.
The pestioalav who of kg fos aoy valaa of yam dertar siysoeanta 
a degree of o^l^apoa of that fhasla» oIwoo psevioaa eoak aaiag 
eanveftlonal yama baa ahom thia valae to ba 19*0 fos plain krtt
x • - n en
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strustuz## ikX 3S iQ rlb halt itxuoftioMS, t2wsa ladi^oa^ttlag so 
yaxa a<cllApoa ot all* 1% is svKsct fhcmCa?a, tbaU sc tko ysca
donlar isieiMsoos tbtro is aa iageraro&wat xa ditosucioiMl
stability of » fwoio rnttsA fMa ttM yam# 1% sill Mss h#
aotad that # JMde roMwed. by Ay twM.isg abas# highs# kg values
ehm ooayereO with Woos of Wm ##W retaeM ftbvuu fhe solans
foe ateom aoieu^<M Jfohrlo net oboea Ia Wo# fgme# on only sUShtiy
asm than Ohset for the nLsasO grsl#s fsoxise. A# dgy tsabllag
!»Qeoas prodaseo a otaS# sf asrliwai suiisfsa xa Oh# iahvi^i^*
flgaros (je • 40) ore for fsowso psaoasao from falsa
twist sriigsd ywens (fl * io) ana oas# rassLto oiasUsir Ws thaoa
ootsiaO fra fSbnos knittae fraa SOtftmiUssi yarns# As oas be
oafoetod It is oooa from thaoa JLgsros that a greet or shoags ia kB
vejmss osteosa the (Mgs mod fiasMoM oteta oasum ao is# yera
dmiors shoe tbs febriaa axe aare gpoe, mud axtb ea iMCsrsoos la
yem dolor thore is e tssteuQy ta love*. afh tar fOhslsa Asm
fmLsa teist oriaifsd yocas# tears 4osa oat eyfoa? ts oo esy eigd^^smt
dxff (roues xa kg vaieas OStoase dry twhUad med sot rolsasd. fbtatos
oo thst aet food far febr^ss esds Aim 'Ys^rre^^sd yewM#
Oi omforlng fceaaa rsoolto situ ■huso fvoolwttoly 
jublioeoA?1^ ’ fbr floii rwlUod Aorta# thoro lo w go^^o sersosmt 
if tbo roouito wf Ootoa osi #ioAao^ for isl rib fahjisw kOLttsd 
froa IMss tslot ojAoyod /warn of oeo foriiowiwr di^or to # ride
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atteuyleii hOMf it mil o« mdlml lA the ooouut uX yam oellapae 
M inil talul tgo the value o^ kg loaseoaoe aa the leoy ltteUtk 
iqnrnae.?*# suae tha ruuUUe obtalaad mX ehaoiug tha effeot of
yum dmlur aa icnlttA loop length# it hue nlxuady hear lalimeted 
(auction 1*4) that ee yam dernier JmereueeO' there la a peogruaulra 
lUufeaea la loop length* Thai there le eave alnllarlty hetearn 
the praeeet somite rod theoa of oaten and Mladon im the prerloae 
etodleu hy ether earkeao, fnhxlee naau enneldnred after one tsuatmat 
enlyt nearly, vet leflamUlen* it eee thought dnULmhlo la thle
rook te lareetl^ta the effeet af other mJUanUiiuo praeeeuee on
fhhrlo dlnenelone*
J.61
it era etet ed ln the yeeoleua oration that the roonaet of
yam eullupeu la the fhhrlo doyonde upon the aolOyadmg pover of the 
fUmente ta ednot arluqiud euUflgaoOtlon. Thaa one roald oepeet
erne rainttaouhlp hetaaae yum orlop rlaldlty end fhhrlo ahhmhaga
Phan flgome ()§ - 40) for fabrloe fhon fhlee tulet oxtepod 
yame, It le neon that mu ludleutlen of the laflnuooe of yam onUp 
rlgldity an eollmulAg roluee lu eheeruehla. tleagh eone urlfenuu 
le foorlded hy kg talueo far fhteloe fOon yame f€* 17 and 18*
Fltton end flOpklmeoeT^ have ehom that for fhteloe from fhlee tulet 
and rtmffnr has hULked yeme, the yum oomtmOtlan le fhtrloa
lmurneeeo m.th lnoxuuoo lm yum orlop riuldlty end oeek on ZX rlh 
fhteleaT) aleo lndlaoted the nano tiarnd. tfeooe uothoro, fcoruoer,
11%
porfomod their writ oa fobrloo ohloh ooxo pr^mool oader oontxoll^i^ 
eonMtlene of yom food* Tho knitted loop longth woo thoo oolntolnod 
oonotOBt for fOOrloo knitted fion jomo of difforont orlop rlgldltiAo. 
In o■atnaet to WLo# ln tho prooant om*■taonta no ouoh orntrol ■athoA 
om onplqyod to anaon oouHMutt otlteh longth# tho onoonl of jom 
■ontl■otlan ln tho fhhrLo holag thorof^o^# o moult of tho lntor- 
oo^oin of oLnr&poi ln otltoh longth ond jom urt^ rigidity*
Flguro (4$ ahom thot for woo opon fahrlto# tho mornt of 
yarn oom traction lnor■osoa oa tho yomn ortay rigldlty lnaroao■a oo 
oxpoctod tat for tighter fabrica# thla tronA la rov■xa■rt• TIOLa lo
pooolhly duo to tho foot that for owBh tight fahrioo fhom ysrna of
hlghor orlop rlgl&Ltyi tho dooroaao ln loop longth ultimately glom 
rloo to o olteotlm oharohy thom la not oaf ftolant arnoo ■aoil■hlo 
Within and ohot^it tho loop to meho may mhod Mount of yum 
oollapoo ln tho laop to ooour#
It la lnte^to^t^n^g to mote th’t for grolgo fahrloa#
tho lnoroorn ln yarn orlup rigldlty Om an *4drarao offoot on yom 
ooatxaotiiMU It la portlnont to rooWl that tho oarn altuatlon
oao ftmmA to oWat morn tho rolnttcn tatroon fafcrlo otlteh dotaty 
and yam orinp rigldlty wa oomUdored# Tho oxpLanatlon than
offorod ootid aloo Oo mod to oxplaln thla do^aao ln yarn 
ouitmotiott Wth lncrnMo ln yam orlnp rigidity# This obaorwtlon
aloo oaphaalaoa tho fhot Idm.t any anuruMaent tahon on a fohrlo not 
thoroughly roUmd my ' ho hlghty m.clo«dlng*
A kmolwflge of the aboa<o la dlaanB^eaal ama wf thw fohMa iw 
topwrtont daring Mbrie or gmmm# aenafeotare* hot thiw ohango like 
that of UnMeto thirkmowe ie a woewogooeoe of yam rOUuettaw ahaa ia 
fahrlo fora. The rwlmreiion ooeowo aa ieowoaww ia yara balk end
impute lofttMwwww wornth and aovor te the fhkhdo.
it iw r^wewo^Wlw to weeeew that the thl'kEewoe of the kaitt<A 
fMtxto protUewA mm e bolkiA yarn wdU bw e iheatlae ef thw loop 
length, yem dlwaWter and yean er^ip rigidity.
fhr a yam ef a given ariap rigidity, the lnftuuniMW of thw 
oliaogae to yam drnleir («hieh iw pnwpettoaal to thw square of thw 
dlwetar)oa thichmweo of fabrlwe ksdlted fhoe fertmUsiA yeame T2,
?3 and T6 iw ohoon ia figure (41). Ae vwald bo aepowtcAt the fhtaio
tMdmoae iaoroeeew With aa iameoo to yam dehor end the cate of 
thie iaareaew wppwerw to bw higher for ahengwa to yam denier wp to a 
oostwim wOLae above Wdoh thw cetw wf oheago to fhhrlo thldmeae rodaoww 
The bouNiwar ootid bw aewrtood to weveml liNWwao# the adopleet being 
that the tothd wed for aoemtelng fhbriw thiknoew weo mot wowOtlva 
anoagh to roeoid oheagwe that wowenwd with a progreoelvw iaoroewo to 
yam dander* Thlet thiw may be partly Urn, thw aorw foaeibiw
wiploaetloa lien ia thw eoaplioated irtemetim of yam puwpeAloe 
Wthto a knitted ibMe. it woNld appear that Wien thw yamw new
knitted into a fthrto, thw totnoedttog ef thw loope waewee the 





(farntlto of tom yarn Mlap alglAlty m* hmlttaA laop
XiKgUb” %% <wald Urn W rnteA tlwt tar a glam aUMi ana
anting aaS Ar a gtem yam aa»tt the yam aeqptaai of the
trnrt>«r Imlar Almmra alU taodaaa Abrnla of the armieel
Hw felotlanaalp hoteem fabrle t^hl^cm^ooa mA yaan ttaloo 
tor Abolm yoKlaee Am Aim Mat mlWpn yame (n $o A) la
obom A Jtgrnm (4> * 44) mA it till bo moioi tM tb# tomA 
oomlm tb# am# m Ao tb# AbmLne krttt#A Am T«*io*lBi#l ymm*
t lb# am|mmllm dm AAMAtf nonm Ai>o&<n
Mb# Am Tatallaad #od Aim toAt ee^ad ^im t# •aMtoo 
miAm tmtaMM •% all yarn Aalm talMM* n» tblMnMa of tba
##t tmrtad MMo t# bn wqr rawly tto* mm rn oaly
auybily aaaa thm that of tba ralaaad card## AhrA Amrna rnflaalag 
Abal# A atan aalaoM ita th! umoi baAa that af tba gmftga liaA* 
It A rau^ly arrnaad tbat aat taa^t^^ of a Aom paoduoA Am 
AAA yiMO tart^ stoat a marly eapila# aalaatlM mb m 
abmid raoult A m tawt A AbaA tMabriM* It A Alt that
tb# mtaAnm A er|yJNmlLn of tbo AbaA mXtut art lalwtlm 
dammar #M#b ay*ara A »«omlt tat only aaaO! ohaRMa A AbaA 
tkl naama> A rnbjmlaa aiMAatiM of tte AbaAr sawnti tbA
m it im sAwiaA tbit art toam* Ausdoi tma trA aaftM Wrna 
tbam ralaaad by lay twbUa*« Mm oalamiM baaaaw* Apart A
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toavaaaa Im thlckae## Im mW amngOlMm# Tide doronrra mr 
ftmttmr orteMoai by tto tint that fUrrM MhoMwi nan notlond for 
thaoa (htodoni thin sa^aKU# tha offaotivn jnata dlanntmi aad hmoo 
tte fhhoia thloknnaj.
It hm hnan olmodly otmtmi that aa lnomaan la fhhcda 
thiMrooo da wraoi l Igr volmumdaa of tha yarn in a fhhOLo. ihan a
fhtoia Ia kdlttat ffcm a givon oowM of jMea of ony orlmy sdadddty 
vMu ate onhoagmnOly omhiomte to vnsinna UaAfinhy loaMtrorto, It la 
omanaatiA that tha aamauwmot af (hhSia thddmaaa If oaioMLly 
onmiaA oat urdor ataadsvUaiA loodteg aomdtOmo# otaaolA glvn a 
voaonorblo oatiimta n^ yaoa hMh Im tho fMaCm. dMu hmmo# ywcn
balk Im fhhrdan of dlffamofr oomrtxwrticma kUttad to vmoilOO otltoh 
lomctha lm awiyamli tho offoot af thaoa vnalUUoa addd nonl to ho 
mnui^nsad,
>.n MrtHHv a Iitorta TM^mh
Xt do uouany axyatead that fterlo thdihrnara «mXA iaNMtaa 
with aa iJuantMo im cairn* WgMXg of a twite* ymm» TImm im
ldtlMa wqaMaexMia. aUdamr awaiaMn im UtamtMm to aaypost tkim» 
trough tte Tiamkta of fittm ma itapPInmarJ* «A uotea ate BlnAm?h 
am ftiuiioa kaittad fawa Mm trial oitwyod aylm yama of diffoslag 
oa ia# aigitttim m>rm to iudlaata thia tard* aa mm ha aam faoa 
thafaa dote for fhbada aamta. Vw a glam ymr dmiav* tba
af fUrtrn kaltt<d to a annatmd atiUh laagtit iamnaaaa alth m
Irnorernoa ia yua mrtup rlgloity, thia iaarnaoa ia fM>rt« adtfA hdag
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teleied te en iaereaee la fahrle thlefcaeee. SAollarly* the 
reeelte ef MiCam eeA sturtHe/*2 deneeetrete thet the fehelo 
eeqpveeelan deixtKMMie ee the heater teeyeaatere laereeeee derlng 
yum yrooeeelng» I.e. yum eriny stgUlty JOiovaeeaa* Ae feteie
na^raeelon la expvMee^- ee the matte of fehSLe thteimee meeenred 
at tee dlffuKUt psesaureet It folleee that the fahrle thlokneee 
laoreaeee ee the yum erlap rigidity laflreaeee.
the reeelte of the pmeoert eorh ehoaiae the effeet ef yarn 
emlf rigidity en fhhrle thlokaeee far lei rlh fehriea pretaoed from 
fhlee twiet ori&peA ynnm (kl • fh} are plotted la flgurea (42 - 44)#
It elll he meted, la Figure (42) that the fahrio thlokaeee la higher 
for fahrlee prodeeed froa yarn of loear erlap rigidity elth the 
eeoeptioa of tha frhrlee la their eteaa relemed etate ia vhioh oaee 
hlfor ariap rigidity yum shoeo hl^er faerie thlokaeee* SLeilerly, 
Ia figeeee (43 * 44} it «111 he noted that gouarull/ the erne tread 
erlete* fhere ere* however# oertein aaaealiee e.g. ehile lm 
flgere (43) the fhbaioe made froa yum 7$ (hlgknet oeiap rigidity 
withim the greap) appear te he ef the leaoet thiokaeeet tit e fhhrloe 
fhon yarn n (agim the higheet oriap rigidity elthla the group) im 
flgere (44) are only ef the imtoamodimte thiokaeee* From thle 
oonfnelag type ef batrnleur it le evldeet that the reeuite obtalned 
fhr the fahrlee do mot appear to be oapnbie ef eleple imt«rpMtettom 
gen «qperte the vlev already enpreeeed im the previoae enotlom thet 
the ohttnP* ia fnhrio tblekeeee nee the remit of the eenplloaied
HO'
Infcar-netlln of yam proportloo la a uOlttod fh&rlO' It ha# hots
ohoon psivloaoj (roo^loi 3.4l ) that for tho ono otlteh ooa oottlo# 
ord rlthort oolog a yom fodlag doalma9 tto fhhslo otl^l^ch lorcto 
d•mraraaa with on lonroo■a ln yam orlop rigldlty# Thlo ooOla
appear to oooooot partially for tho groator t^h^f^ioao of fabilm 
hUttod iron yamo of looor orlop rigldlty oo tho rpao■ avOllablo la 
areh fhhrla for yom rnoilapM «111 ho groator*
tho lrflooroo of tho fildlhlog trootrnoolo oo fhorlo thiahoa■■ 
hao hoa oonoldorod lo tho loot oortlrno* Io thlo roopmot# It lo
mthor oorprlateg to nfto tho roodti of Mootoorfloi ood oho
hovo ohooi that tho thlltaa■o of plolo halt fhOrio■ oodo Hoo fhloo 
toiot mloood aploo yamo lo aprosloololy tho ooao lo tho omlaod 
oad roloood otota of tho fhhrlao| tho thi^hroooa Ooiog oormrod ot 
pmaoaroo of 0.1 p'o*!. ood 0.6 p**'!* It thte lattor prooarra9
oao fhhrlo hjOLttod fhoa dr 100/24 dordor yom ood MOnod hy rot 
taorttaont ot 40°n oakloOLly mhlhltod o lowor tol■<aaoo oo omaparod 
nite tho fhhslo lo Ito arralla■d otote' telsoco■ly9 too r■■OLt■
of tho thiatfa■o■ ooaoiorMonto of plolo halt fhholor poodrood fs^n 
otoffhr boo bolhod nylm yono oo raportaO by •J«lOllo■A ohor that tho 
fhhrlo thlakooao oftor co^omotlo# loomaoola, hlo raoour■B■nia balog 
nOLo at 0.02 p*o ffho rpporaot dlff^acana■ lo tho rooalto rslMo
booriM tho doggoo of loadlng lo tho ooaioNinlat of thl.gfcnao hoo o 
pamoauMO»d offoot rad If propor loadlrg «oodLtlao■ aro not otabltebodi 
rnould load to fhloo rooOLto'
rn
A mrlei oT 1x1 rib fbbrim won kaittrt yane lilriOA
lo fable (3c. OUBytw *) el all the etiteh earn eettnge an tha penar 
net naShne mmOL la thla earth. fheoe fahoiae race tham ffcam 
zelaxatljm traotnento aa AoearlboA unit* en aari<Me uuaenaarti
node.
faepe af 8^ opdOnt 1/ * fa* fahrlee ftoo fUsa tolet 
aaUgaM yeme vn and fT8 wad TertaallaeA jono m end m aae glvm 
la Flgoraa (49) e^ (46). It will ta rated Cm those gnphi that 
tha etmldht lines obtained an he repreeonflei by
■ - W ^h ♦ Or (1)
where k^ le the elepe of eqy given line end gg the omrraqpnwrtlnfl 
intercept en ttie 8b ode, the eotual veinee ef and 8g depending 
on the pertleuler redaned etata ef the feorle. Tbne k^ and 8g era 
oaeptaefce fer n given balked yon in e fobrlo rained by n given
Mtled*
y
Oaophe of 8^ egei^t 1/^u for fbUrlce fron anbelked yane 
81 end Df ere elnllarly given in flgom (4T) • The boat fit ltoae
era dram thswuge the pointe bet beoanee of n oemaLdaMbla aaeuad 
of eeatter» onlnUntion of copulate HUmm for fobrioa releaed by 
different trentMnte nen oon^^lder^ MMaoae^e^Tgr^ The oorneliticn
eoofflolente of the line# for fOhrloe fron yane 81 and 88 were found 
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for fabrics knitted from "UnbulJ^ed nylon yarns
 m.
where k* end urn tba elope mi iatosuayt weppertlvdriy.
Zbo od^mfleoaio# of tho iniwojepte 9* and S* li.e# to th#
thet that they pendt the w^iUswatLeoL ooyacooloM Qf tho tirade
ohtotnod over expeziNMntol*f moo<ooih.o e»lt>uh Imythe# ond It 1# to 
«
be e*peated thof ot vozy low valu^o# of 1/ * * tho llnoe snot eoxro oo 
ee to ooet et tho orign**. %oo^i^<oo (1) «nd (3) «&1oU wo of toe
eooe fona ee gi«om ty Ottoa ond ®o&oa** for lol rih f&orioo end 
£00X00000 end CooT* fo# ploin hULt fahrioo from talked yomo no 
poef«Boule to tho foto 3* - k^ ooployod hy tfamta el al.**
ond fit ton ond Honoiioooo** hoomoo kg* lo not ooostont fhr ell 
hulked yea fehoioo hut maxim eith otiteh length.
She ealae# of the elopee hyb# kM aai the iateeeqee e*,
3* fee ell the feheiee aeler oee«ddme^<^:^^eft raa found eed eepeeted 
ie tehle (10)# It will ee eheceeed fern the tehle thet kgh eelnee 
ere not effeeted midy ty the yea helking peeeeee « fhheie 
flaiehing teeetemte ehioh de» hoeew, effect the mlnee fee the 
luetxowpta end Qg# She kgg eeluee e/feee to he le eleee
ftgreenTrt elth thoee yetted ty cotton end dadee*) (e slope of 1]»0) 
foe Id dib fnhx&oe peodaoed froa felee twiet oelaped sglrn /use.
Thoy eeeMiii■eod loops on on# eido of the alb etneatuae only end honee 
thele alope t«2ee le eppza^le»ltw]y helf thet enpevtdt in the paanaat 
seek. She aeiaeo foe the iatoeeepte ee gleen hy Oettoa aed Blodon 
•ppm to he high# eoagiag fkoa 190-379 fax feheloe knitted frna
yarne teeing eeis# airldieioe enlnes hatwon 0 pee eent end 33 pee ornd.
It la boon that the atltoh danaliy ef toUu4»ywrn ffciorio 
aonpamd with slfa^k<ed-yam totefe sad tattled to the aana 
naaaturod stitoh laagth la hlgMiv and that this la A& to the 
dlff uprnoa lo the ssMaLtioity to tonalon of thoae too typos of jnan 
in aoiatleo to the nehod of noaaagiog atltoh loogth. It ia almady 
iodl<ato»d aasUaa toot the atltoh loagth neonot ho oaoaoarnd dlsoetly 
io talttod fhb]SLea hoopiao of the ocaaglaUty of the bantad loop.
The nrthod oaod to oooooro tho atltoh loogth Iov^iom the 
onaafiag of yeas fson a kalttod oouroo over a knoon onaber of solos 
and He loogth oooaumd under o tonalm f shioh la snfflom to 
amovo yosa oSlsp. Th,s ooRaaxod oourao laagth la thoa divided
tgr too mahhar of aoloa to give too atltoh laogth.
Buhhlfcad yarns gMMwally oxtaod vsgy little hotaoao soao 
toaaioe sad tho tonal <rn T, sith tho rondt tint thois oooaond 
atltoh loogths an sirtuolhy tho son aa tholr stltto lengths io 
roliUMid fehrlee. Tho hulkod yen# heaevesw laereareo oeaotdosebly
ia longth hotsooo soro toMaon aed tho toMalm T. toon this typo of
yarn ia oualdond lo ao^ooid fObrle fane it ia hold by tho fahrio 
^sn^^nn at sono intonodioto tonalon# so that tho soloeod atltoh 
langth of o ^i^od-yosn fetaio la loss thorn Ita oeaaoaod atltoh loogth.
To eMLolM>nle tho rotation hotvaoo tho aelluted aod ^t^nurad 
stitoh lomgtha of fahaloo kolttta faoa halkod yosoae tho omwoeh 
oood io thia ooak ia tho sone os that used hy t|e!eeee<M and O«T
124.
foe plain knit Ihbriaa produced from fhlee tviet nylon yama*
Thie oaleuliticn involvee the a^omatico $9,75 ttht the iftiauekl 
etitah length ef a baUnd-vram febrio 1» equal to the aesaieure 
stitoh length of a fahrlo having tlM oam otitoh do&elty but 
knitted Troa a yam oMoh dooe not astmd apiPr^ec^Lahly hetvaen aero 
^^olon and the tonalon used to m^ieure lAe otitoh length* Thie
^0^1011 le not ooqpletely valid hooauee it his heon ahoem 
earlier that the ratio of mrnt to valve par unit length for a 
hulked-yira fahrio varise with yum daseLer mm that the latter aleo 
afreets the length of yam knitted into the etltoh vhoa ne yam 
fe ding darloe ie onpleyed* From thie it follows that the otltoh 
enpe (o/v ratio) varies with otitoh length* atrndonCT hoe shorn 
that tho otitch density ef fshrlee froa unbulkod yam# varies to
sone extent with stitch shape for the oaae etiteh length* ie it
ie oxtreaoly diffionlt to separate the effect on stitch donelly of 
a ohange in stitoA length fkon that of a ehaege in stitoh shape, 
a single flium for yam relaxation whioh iaeorperatee hath of 
those oleate is oeaeidored sufficient to ealeulute Hie fahrio 
diasueieae for a given otitoh length*
if a hulked-yarn fahrio eith a aeaeured otitoh lengta^h hae 
relaxed etifcl lengTh^y • tho Jt* 1w defined ae the relaxation
ratio and the followiag equatioae for thie ratio oan be derived i 
(a) Fahrioe Ares hulked and unbulked yame til have tho sene stlMi 
density » 8w at aeueered otltoh lengths and^y re^i?)^eoi^olr.
decovdlsg to the aosuieption mads earlier, when 0^ „ O
z - v.13/a • »■..
1*
(b) (mb bo oaioeUted ttm 0^ and tba UOa for tmulkoo-yiua 
Mndo eblou ia gLvm tv •qurttoo (#), Ut.
Mqb BBacmtlcBi • ^u whom 8^ ■ -*u
• *b “ *eaO^J ♦ *1
***• sTw(% - *i)] ------------------------------- (4)
‘ 'b/’ ■ '»V[‘* - «i)/M---------------------------- (»)
* cm b# omcmlatid from * and *% omo» am! 0| bame beam
dot BislMdo
(o) A min gninmL ca^noeDi^i^ for lf ia ebtamad ty aqaorlag (9) 
and o^^^tu^lioa the valm of a* froa (1)
^h/Ar)* • ^SAm) [(>W*P * ®2 - *Q
(*b/jr)* • [C®2 • ♦ *gtbAw .........— (4)
A for aeoaaatlcme bare been offered aa to the algrtfloaeoe 
of the iedeffeopto an the a aiio for grophe of 8 egaleet 1/^* tendon 
at e!#^ aaoribad the dlfferNnoa betrnan the iat«n^*fca iwr fabrieo 
Awe bmtkad and wtelked yoma to the greater relematicm oocarring 
at lemger otltoh lemgha* crt^ea and oi!d^^* interpreted the
inttaroept 8g ao being relate to the esing rigidity of the bmUced 
yarm« Igaatlm (6) however appear# to farour tho former interpreta­
tion.
To verify the above ttMogrf the vmLmMi of hg* and 8g for 
eaeh fahria (1x1 rib) Hated in table (80) mare oa^^^e^od in 
eqaetlim (6), With the eerrNNUp<mdiag veluoo of U** amd 8% fear tho 
eUoie range of * * vnlooa. The reedting data of(*/'g)* ia plotted
 ltd.
ogMlnOt (^)2 in Figwra (48) fan fubrioa psodaeed ftae yarne Wtl and 
T&. end in Figure (49) fer tOoea febaloe butted fkon yarne TO end 
TSK in their griegn and vmsiMmw finished etmtaa« la amid Im
imparted fnoa equMiom (6) akiok in in the etaednrd form for a
ntrnght line, jr • nno, ehnre ( ^b/^r)* * f and (^b)* e a, n nsrbar 
of atmight UUmu are obtained eith the slopes and imteroapts agonl te
(#8 - tpAw tad kfeAen FonpartiwUy* From fignrea (48) and
(49), the falloaWg pointe msi ba notede
(i) Tha relaxation fir fahrio in all ita atotao from yarn ftl
(fig. 48) starts at tha same intercept on (^b/^p)2 «ia« Aa Aga
io eeratart for a given yam danior, the volma of thia interoapt in 
dependant en tha wine of fc^e, from tobla (20), it rill ba noted
that tha nine of ie also tha mumm fer thia ftOria in all ita 
atotea. ■han fahrle prodeeed frem yarn TO la oamOdianMd, tha h^ 
whoa ora different far tha fabrioo lo the grlogoe not traded end 
dry tumbled states end hanaa tha ralnsatlen otarie at dlffeeond 
irtaraepts (fig. 49). fhr thn can racoon, relnootion fer the
fobriaa flow ynne TXL and M2 start ot tao diffesent irterenpta, one 
for griaga and staon ralanad fObrioar on tha ether for net treated end 
dry tumbled fabrioa.
(ii) for fobriaa from yarne TS and Tat» the relaxation starts at 
loear nUraa of (A/4)* then in the ease of fabrioa ITon yane ftl 
and TO amcnqpt in the eeaa ef fObriaa fwm yarn TZ8 in the gricgo and 












yajm Ff2 ateurto ot o lovor voia# of 
(ill) Yb# rot# of Ineveawe In the relu&tion rctie citb an incxooao 
in (*b)* !• nueh graatar WLth w# treated med dry tucUlul fibrins 
free ymw MX then Ihooo fnw yunm FT Ihong* et any given mine of 
(4* tho nao^oet of zoloKOi.oa In amailcr with the fbvaer fhbrioo 
within the range of (^)* volum ^eu^IdHred. C&lfM@)«
Civ) ?hwnM0 the relexotlon for fhhrlen free yom FR sIotIs at louer 
values ef uhno eoiepu»ed With fhbsioo froa yean ITl» lhiu
dHoareoee ie not ee eeStad W.th fUUriee fvco» yecea TZ1 said T2S
the yurua ITl nod ITT no! TCI end TO differ ie their fila/nol AnO-ior 
aot nine rigidity eolaun, ffl nod TO bulug of the lower ftlmaet 
denier ami lower eriop rigidity valmo«
(v) nth ao ineruoae in (*))*» mod griege and nt<om rul^ixuA Ihhvion 
eXUhlt a duereone 1m Ihu rulaxotiaa rotio. Il in unlikely that thia
hahewcotir in oorreet and ae nwh there wort be neoa ruanon for lhie 
ue<alallKr bUhaliaw• doelyeln of unaetiea (6) oaul! iadioota that 
the rul/xokiao rolio In d!upeOdva spAmoU*' «o lha volu^
ef 9^ ond 9g 9rn oil the fr/rlee fno nahoHad yanon Ul and
the voloea ef 8* (table 20) ore fairly high ond wfeMReoe wkluoe of 8g 
for the wft treated nod d? leonled fobrioo fpm bmihad yomn ore 
lonce# thone far lha griege ond ntiom ruLOaud fhbrloe oru nm/l*
I hie 1od1eotae lhot lha lo»lor (tig • S* mied ia equation (6) io 
ougnli^wv for griege ond ntiom ruimxad foorioo ond io renpoiariible for 
thin uesmiioa bah/naur. dHfurriog to ilguku (47) *12 the plot
oT i/JJ it Mil bv irimerrcu that UiomS regruMlon
n^tOwia Jhafn int: eoomnleA vniiRs ^.v«n idg. for Intnae^pto Up
It roald bo loglenl to draw tOa l^'boM to pnw tkwju.b thv ericA 
ur imur Do It co ttot vmiuas *111 beown *lnli«l ewi tha
efcynOtod 10101x10? Mould the b« eOtml&ed fhr the griaga und nt goa 
scltxcc! fotulLcn. After thin matt fiuetten in thn valves ef 8V $h®
iwnd for the wet treated ami dry tunbiod fphrlaM weAd still ranalM 
tha sure* the aa.it on for tto Telauinien retie 10x0010. h^aor. Amm.
tho iotorcert L* for fhbricG fv» yarne M utT UK weld be tit* eone 
oni therefore in »fiMN»seM .1th .nAevton sad C<n%., the wo^iteMte
end kgU *oa18 require to On dotorMlnad ei«ea only «ml should held 
good fer all thn fabrics ef o .ivee coMMtrntlon Arm utbMkuMl ynne 
ef differing deicm.
The font thet tho rolarotlo* retie defends on the MaaeuraA 
ctltcO length cae he euptislaod hy the ebi^mrrntleu thet ti^t fhhrioe 
restrain tha dcrelepcnat of crM* «ora than le**e fohrioa dn to the 
inonemaad no^m^«or ef yarn oTOsiiaga per omit araie The 1aft«eaapt nd 
slope af tho grophe af egminot (.|)* hear the ■^e^Mnins
algOfHanaa eM'
(a) Th IMorsflyt ’hleh lo an nMrapdlatlM to
reaxenent the loose! vnlMe af (^tt/ ehtninod feat the tightest
fobrlco fer Whch a llAser relatlmohlp nmlirto hot seem and 
t/c§. Am H le eenetont as indlsetad pvovleeolya tha lntesoopt
*«b/^en "mU d*p*B4 •• 8..
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(b) Yh# slope vapnaMMts the mAe of inaseaaa af
(^a)* ea (\)* inareeaee# A axpXslMd paarlaaaly 0^ and
sea aaaateeta, thie mta of irnammae therefore depending oa S* end 
69eeppotlse the Iet^eKprekAtIeB pat fosesxd hy MhoHm et el. •
It Mgr he eeneluded ftoa tliie eozk that tha theooy deerOi^^^rt 
ty dugLeeton oam C«ll far plain knit fMhlea from hulked yasae le 
also ganmensiy* eppLloahl® to 1 % 1 rib fhUeLos fom tliaae yarae. The 
differoaae la the rhlaxation ratio far fhhsieo fro» yarns VTL» Iff 
and TH, 722 eeUld lad! ante that a fhetor for fllcsoot denLer raqairaa 
to be Inoorprated vharofay the theosy oould he used fer fhhrioe nada 
from yama of differing fllmmst doMern. Bovever, furttar wack la
seeded to aaiat\lst thia fhat ee the yama ef differing filament 
darners maei in thie #o# alee varied ia eriap rigidity valeee, ffl 
end TU being ef epvroKlnataly 1G# asiqp rigidity vheveea ftt end ftt 
ware of ebont 15* erigp rigidly. It ie impartem te mde that a
siagla fi^re eadh ee yoa ailap rigidity ehioh dara'shea the yem 
preporty le mW oapehle of eKplet^ms tha tOtnVlaor of the yua in 
the ftobia tarn, f«Csallam and feioe tviot arMyad qylea yearn
of ataller orlap rigidities used la thia vorh tbov dlffeamt 
raUazrtlro bahevLoma Wha knitted into febrio (Hge» 48# 49).
the theaay diaeaeaad aepeeaee a mon detailed ma-era ending 
af tha babadovr ef balked ansae ia ftbrlo fam, bet beoanea of lta 
eaepllaeted atayake^, rrnild he ef Httla nee ia raitUM ooMso! 
af fabria prodoatla. far thA reaeem e simple may ef neima'eg
1».
yono aoS—tloa Ia fMialu f#m ia io mm lha motbod omogootod by 
#umdon ul •!?* mod Int— muid by Gott— mod OXaoo^n)» Foroimioge 
yam uollopoe ia n fobria ie doCinod mi
Cb - 4>/ 4 n 1O>----------------------- (7)
mho— io —l-lunad ft— fo# #11 to# oo1vb#^(o^(^1^^ —ln—
of TO# oo—taut 19 lo «##& for ploia knit fetal— —d it Id
roilliud ihol the oa# of thia flat— fom 1Ml Mb fthri— la poMUbly 
mot J—Ulflod bat uoantat bail— eoocioalonu eoMLd mount ft— mq 
otlom iuoo—iOIiIu oMao The oMcMliiod you—ugu yuan uollopoe
iu plotted in Fl^ouaHV 90 (a) and (b) foa fm>xOiou batted ft— yomoa 
WTif m uad la Fiuoa— 91 (u) and (b) ft— yuoa# ft! end f&« Il 
WLU ba mrted lhot febrioe ft— felee leiet aeiepoil yanmi (ffl and 
FTl) uxttblt gaueloa yearn o4Ueptou them tboeu Aon faxtiMLluad yuoma 
(721 oad T2f)» 0— aboa fhtMLoe fOno ibena too typoe of yesau
erne ouqiiiua iu bu ffeltatd io the aono oi^i^i llumo MU mqoiim 
dfevuMl etltoh laugiUe on u di^^uou^oo ia lha maMboa of ooeoa—•
The elopu ef the Ham —04 iadloutu ihol u goretai yeon oollipMU 
ououoa ol longs* etltoh lam0U»« Ia gaauoUl.» llumo omoHLta •dUtiil 
the tiomd daaooribad a—U— ia thia ouotiUm« Aa odtttioaal footo/v 
of iatoount fboa lha— goephe la lhot met of ihu Un— for fetal— 
ia tMir vuoioma eiotoa *0# of ihu vena elope» Ubioh impU— lhot ihu 
vatu uf iaoouiau of yuoa 00110900 ie oimLlao for ilu*a fetal— for 
ihu oeege of Mltoh luogiho ooaOidvead hoao. 4 go—too yuoa




little Affearmoe ia the yam oOLltyae of the gelege md eteea 
reUrnd fhfrrlea* tadieettag thet etrn retamtim eleae ie not 
eaffLeieel to develop fllmmt orlep epyne; tatty.
3.M
The eeeeite of eeeeuemmte ef yoea eollapee in teaae ef 
oriep rdgittty ami paroeata^gw y^rn eollapee were pmeeated mA dieernMd 
ia emtioa (3*1) end it eae i^dieated that thoee reaalte eoald be 
farther ooi^devm ia relation to the retraetioa behafioar of the yam 
ehoa it ie knitted iato a fhhrlo.
It eae mated ia the laet emtioa that the aaoaat of yam 
eeHapee or retraettaR ia the fahrle can be deteraiaed froa relation 
(7j* Medm et ai?^ have eheoa that the earnt ef yam retmotion
ia a fahrio ie a fbnotiea of (i), ehere ie the ameumd
etitoh length and D the yam dmler# and (2)# the yam eollapoxtag
property* i.a. pereentage yam retmetion ia a fahrie ie yeepurtima^
to ■earnsed yam ret motion, a
Aa iodiomim of the usafalaeee of the neaeared yam retsaetlma 
prepertim aey be obtei^ed by plotting the foUoeiagi
ft— agTLaet ^b/git
neaeared yam retmotion
If the aeamred yam rmrnetlm mine mpreeeate a reaeoaette eetiaate 
of ita potential mtraetlm im fahrie fom# the meAte for the 
varieae yama will fell on a Itae. Any epread ef thoee reaalte eoald
iedleate a lath of egreeamt between the aeaeared yam mtraetien ta
13*.
yam fom md the mtrnotloa of that yam ahm im fhhrie fam.
The enemt ef yam mtmatiao «aa ealealatad fma mlatlm (7)
far Isl afh fhhrf^ao made fm yama PTL, 5T2 end T£L» Tfa (table 3o« 
obiter 2) far the ahale mage ef \ valeee amd the renate pmeented 
fm a eealm ef gmpha. Burnta fm tee fabefe etatee caly am gfem
fm the ff#mm>» namly (a) eet treated aad (b) day tmhlad adeoe it 
le eernl dared thet them am the mnd aeafhL mLamtfim tma^aMmta 
fer f^abTfee prodaoed from balked yama. The feioermg tafcamtlaa
vlll be ebeeaead froa the ffgaueeu
(1) 1A.T.&.A. effap rigidity merlte (flgame $2a ami b) gfve
a maaonable fmd.eatim ef the b«lMtVL<ear of yam fm 1^1x1^ fdwa 
tlMee are mimed by eet trnatmmt bet fer the ftbrlaa fm the dg 
tumbled atate# the IA.T.B.A. erfeip rigidity teat falle to ymdfot 
yam be^iTfour.
(B) The reaalte for yam erfep rlgfdlty ae^iumd after the yame earn 
mlased fm eater at 45°0 ehee a lever epma! ttem the H.A.T.B.A. 
erlep rigidity reeULta fer ftabstee ftem yame Ffl aad TS!
(Flgom 53a) em gfve a geed eattaatlm ef the bdhaVfaifr ef the yame 
fm fabTfee calmed by day tuabUng. Wm hereviMr, faArlee fhoa
yame Tt2 end TX8 (ftgam 53b) am aettld«redL, a greater epmoU le 
°tt«mMd fa this ease than elth S.A.T.B.A. ermp rigidity mlmee aad 
a very pear fadlaatlaa ef the babafloie? ef throe yame fm eaeh 
Btbrfaa fe ebtafaed.
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lad ebar poor oanraOatioB vita their Matafiow la the ftOalm 
owdrr osaal^^t^ (Vignm Ma mad b)«
(4) when %to yesae wee salaamd by a dgr toot UruotamU at 90°C» tba
raeultaat ordUy rljldity aneaorimate iodlmte a rmaaonable 
ooarmatlwo 1U* fnbKOcw fnm yoanw ffl ood TO (ttyum 55o) Wma 
tloaw fMOrJom orw dqr toadied but for thw rr% sulooad ftarrloo» yom 
oria# rigidity eeowamd la tbriw onwom mrur-uWlomtee tlo yam 
oollwpu by a mail warnot* for the fabrieo koltced fsoa yawu fft
mod fZO (ftwura 55b) • poor oomralotloo la ootad.
(5) Ho aalouo for tlo awnanrod pwrountugi yam ooUlcyao after tlo
yama rare raiooad la outer at 45*® doooaotmUo tlo ooao bWtolour 
oo did tto urtap rigidity (ao&Lflod mOllod) oolooo datwoolnod oa tlo 
yoroo la tlo owo otota. It rill to mated fxm Hg^ooo (5<la mod b)
that tdOHomo tlo yarn ratnootlen la fbbrloo fam yoroo ffl mod fll 
lo raoawoably oauWntod, oe mob oasrelottWa eULUko for tlo fbbrloo 
flom yasao ffl end fit#
(6) Tlo amuored paraaotege yom mUlepea after radeaLag yam la 
otiwo oa a lliffton bod deoa* Uto tlo eojreop-onidiag orlap rigidity 
(aodiflad oUkhod) ramlto, mOltbLt little coanrUaeim rlth tbooo 
fabrieo (fl<w*ao 57a mod b)«
(7) d rmaoooeblo oonrOlatlaa for the yam rmoodon la febnioo ftm
yarao ffl mod fll9 partlooilurly la tlo wo doaed atatoi aaa lo 
Obtained froa ouinnorod paaoonOi^w yom cell^ee for yoww doy roinood 
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(FlS»rs 93b) • tbe 11ms 0% wldsly aepamtirf» loAloatlm psor 
csmllalriL<ML«
J^w thess remits It any hs ooseLwAsl that 
(s) the H»A«T«S»A» oxisp rigidity tsat ldsss s ssssoaebls RMsssrs ol 
ogpsstimt botvstm maassMd emd aaXealated yum ovtreHea los lWrtos 
ralMort hy wet tzuotomot but doss mi do ao lox yarn retoootlm la dqr 
tumblsd lWrloo
(h) tho yen istxaetom ps^polloo noaeorod la tone ol orlsp 
sijdMty (uoMUsd tlhod) orI posoaotod* yum oollepse glas s 
oimisr oomlotlon ^th yam ndmcsthm la lhbrlos 
(o) tho Moults lox tho ositp rigidity (so^Hled trthod) ami pusoeotogo 
yum oollapoo oosousoI alter tho so^osati^oa ol tho yemo la etium oa 
a follma bod hers so oomOlatloo Wth tho psrlorooooo ol those yomo 
la lhbrlo loss
(d) a muter ol arthods oooh os tho oslRp sigldlty toot or
ositp slgldlty and poMimtagw yam ocilopea, Iutslmiaod alter 
zoL^osuk^ott ol tho yarn la water ot 45*0 and day hoot trsattoRt at
praUat sooomiBbly wOll tho bohailour ol yens ffl ond ftl Wes 
batted into lhbrlos but mats ol tbooo ad'hodo appear ooltoblo to 
praUat tho bUhodowr ol yosao TO sad T22 la thalr lohrlo lost, lbr
those yurao only tho H-AtT.!*!. oslap slgldlty taut hot shout my 
oomlatlm* TMirolores lor yeses oonpooad ol hiser dealer
lilhauoo.ta o arthod lo soqulrod to reuouro yon sotioieteta prupoHao
Wish wmld ornnsOloto with tho oatool oollapoo ol ymo la lhbrlo loss.
The ohengee it om dimnolone ef t fhbrio dee to balked 
yaxm reJatetlm here been lneeetgnded by eeremd »oAece» bat little 
ettmtom hae been —seated to the ooeoeLotod ohengee la fUhrio balk 
dee to thie yan rolomtom Attempt# haee bem mode to de^<Hm-me
dlnmBteeeT* of free balked yeame bn! ee theee cue no teneoeottily 
the eete in fhbrio fm®, ouoh infeamat-Um ie no of nerih help im thie 
oortente The thtkmeee end epwBfio solemn of bolked-yrUM fehrioe
have been eeeeeeed by ensornl euthanre^’^ll bet have peered to be 
mt eepehle of oiMpln intoKpsetedJBm»
The fhbcte bulk bee been defined ee tha solute pee eMLt nMght 
of e fhbrio and ie girom by,
fh^ixio talk « t/A, ehern t ie the fhhrie thirteen end 
A ia the fhhrie even demOty* fhbrio bulk ee eatenmed in thia eoeh
ban been eelaeloted from tbeee Meaeeremmte»
f'ebrieo nose kMttod et resiuee etltoh eon oetttngo from
yerne fTl, fT2 and TM, TS2 ond their fhbrio area drnnltiee 
dotemlted in the griege ond relaxed etotoe by oeighing knout oreen 
ef tha nmmlfloe The thickmaaoao of the notion rem de^nminod
by tho one of e ftarley mtoneeo Ttoter et e rtnge of pveeenree. 
Thiokteeo-preeoem date earn plotted bet it one fontd diffionlt to 
omImbpOMb the renaltett euxsee to earo pseeoem it order to Obtain 
ideal. fabrla thiknoeooo eodor novo load oamitioMO Soneseax,
plettMg thn dote on a log»log eoale reeOLted in a ltaaos ratatOm
1tf
bataem thidmeee amd pNMMue to a limitog retoa am foa thane 
plate, fahrie thKkmaaaaa at 0.05 P «e .l. were datemtoed am 
nUHnd to the aalealatim of fhhrle balk.
The reaialte ef aaeearamnlat ef fabrio balk platted egai^^lt 
their raapeatiee neMand etiteh laagtha reamim that fabrio balk 
1mereeaea mth aa lmcoloaao la atitoh lamBth ae aeUld be aapmm, bat 
thie method ef aoalyetog laeaHe fhUed to deokonaanata aay aha^paa 
to fabrio balk daa to balked parm rehuatlm (e.g. far fabriaa from 
yaraa TS am TS2) er iadieated an amuqpeftad baKaerilwel fata fabriaa 
fra pane TT aad TT to that their fabrio balk far a gleam otitoh 
l<mhfe daaraaaad after relnuatlm trwntmnta. nda paaultor
iallaatlm ef balk probably arleea due to tha feet that the 
Bmetltiaa med ia the eeeanrmint ef fabrie balk manly, thldmeee 
aad area damdty are mararad an fahrioe in the relmed atata nhtrma 
atlteh lamgtha are datarnimd attar a^]^ght«^La< the parma and hamee 
do met rep^^mt tha tcue ratoae ef the leap lampihe ae they lie ia 
the fatalee. it therefore, wppwmiw that thia method ef praamtlng
data la mW prepar and iudeelaa tha rnaiaaa why LanaiqWU did me gat 
a diffaamea to fabrio balk oULum beforo and after rehratam of 
fabriaa from et^far box bulked panne. far the aaaa raeoon, tha
re^^a ef Wmen at al>^ imUoattog the aam eMLee ef fhbrla bulk 
for a glvam atiteh lamtfh for fabriaa knitted froa balked pane ef 
dlffermt tyAiee appear de'UbbifaL• It ia, thaarafore wuggested in thia
aaaa thet fabria balk ahoald be related to the relumd atlteh
137.
lmgth (^r) . towwi, o bettor apgoioh *Hasro to bo to oos o too
ilo«nlooel qmoitty sooh ao ■covoor lootor’^ sbloh 1e oood so o 
oooooso ol tho thlgfcOooet ol o bolttA latuOlo* It boo boon shorn
lor plots bnUt lUhoLLes tarn bulbed yiucus tbot lbbUle thlobeoue 
lootoo lo sULutoi to oeoeo lootoo eud it lo eepootoA that oovio 
lUotoo oill have oom oouioirtlie *ith lohaio bULb.
omer lootor le dellned so the ratio ol yisUlea to 
oooesoed otltih length (l.e. for the oeaeos that 7lnOLer lo
proprOloaOl to the juan Hu^Utoar. It hoi' hooeoerf been shosoT?
that lobrie thAcboooeeo loe bolbel • ood subu1koI- yean leholoo olth 
the oom oeessuei IsUloss ood otlteh length use meNUt' luilootlog 
that lo luuiogteote oa o uesooue ol yosn Hearten. Xrnee o nora
gmeoUL eupnmelau lUs sorer loetoe ouOLI be to oee,
Oonno loetoe ■ \fg/W ' IsO. otoror looter lo the ratio 
ol the overage yuan lentiLer uni etltoh lengths both lu u selenoi stole 
lu lObrIe losos D being uoleolotel lson the solatlcm
®r-VW
«h<ern lo the nosuerad noao per unit length ol the atraJght«Ml
yua, 001 ^4 10 the TCUnUM mu 00 ^eo»^ prarlouly 001 
lo oULeolotel Ann the equoUloo
J ^(®U • 8|) ^eej (eq^aion 5 lu osotlou 3.01) 
Ibon the above eqe^L^cx^*
4 -y - v
lu oUmOUrtliw soA *r, Um volts O' bu - 31 ui b - O tun tUM*
 no.
mood ond wove obtained from figure (47) As thn graph ef fi* 
egULeet l/^J the ooeaoe for unbar theee walueo halng dlooanoed in 
onotioo (3.81). C<evw fUotooo none oaleULoted for ell the
Abrioe la their worioun otetoo ood the soneito of fhbsio bulk 
aueoantaOto ere plotted agoAnt otooor feotore la figure (99) for 
fabrloe fkou poeoo ffl end TSL and lo flgmso (do) for thooo from yams
ffl oad nt. It e111 he noted thot the furlo bULk —oosooooo
ee the oora fnotor Aexonoee for ohloh the phyOLoel eoplenatloe 
lo that there would bo ieon spoon unOLlahlo lu tlgte fhbsioo for 
para rolenotioa. Aoednation of thoeo flgoreo would farther
reveal that for u given nowos Aetor, Ataxia bilk A gxoutnr for 
thn wot end dpp tenMed Abrleo on ooeposod With that of gwolgn 
end otoon roLOued Abrloo ond that thin tmmd la bbsiorwinblu With 
fhbrion knitted fhoa both fhluo tviot ood TortrollMrf paoao.
Alirtlng fhbrio lo otoon on u BofAoa bod doen not bring ebook 
onp oigifloant ahaago A AtarA bulk. It A uAo AtornMrtAg
to n>tn tho dlffouaoen IA febrA balk for Aloe tviot ond 
TortnolAed pure Abrioe. fbr eqp givon oowos Aetor, tho fhbrio
bulk A lane A nil otetoe for Abrleo fhoa TortrUHaed para (TU) 
no ooopesod with Abidon fSoe fnleo twiet para (Tft). TUo A
psobehlp tA seoUlt of tte dlffusouooo A tho tOkuro of tho osJMp 
A tteoo two tppoe of puree Bowowos Aso ilgsm (6o) It MU A 
oooa that nftor a digs tuoblIng trnotemti Ao Abrio balk A tho 
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Fig. 59. Relation be veen cover factor and buV1' 
knitted fro.n bul ed ana unbul ed yams




? ig.oo Relation bet'.; en cover factor and buO 
..nitton fro bulked and unbulned yarns




relernd the lUNrlr belh He awe lee Mkoieu torn json TM.
Tho youas T& eRl THU eniy ooeoUtoUy la thelv fllmml itair 
os aloe 4o the yam Ill otA ITO. Thao the eootULlRtlOR ol
lllmont dealer to Ihhrlo holb opposre to alter the traA hot mow 
seek le iwgolmd to eotohLLOih euoNly the r0lo el thle yum 
eoULrhle* ALeo laoliAoA la the Ileum oar the ANa Ion IshAeo
Ihoa ooholholl yumo 91 otA 02. It lu olrus that after relRtntlm
those Ih^r^es Ao mN lRORsor thNLo halt thoi^ la moot emu* s 
roRdAemhle soon ot ol yum ohHnbRro om ohaomnA ehleh LNOoltA 
to at LUewuaol la mimi pnr uULt loatfkh. lt Ihlleoe that It lu
oRy the yum mlRatlca ehlM lu mrprnelhle lOn the lmnrooOLsg 
Merle hulk.
lt lu thou ehom that Ihhrlo tulb uhes plotted iRtoot 
IhhOle onver Ihnton Aeou laALoOto ALIHmmeea la thn eepoatei 
oumon oui hnse thn a^omo uion otpmoaod hy husimtm oui OoRT 
that thle ueQoA ol onornrlun IhhOLo hRLh lu mN oeiuSLtloe ao s 
ooouo ol Am^rU^Hug shomroo ls yum hRLh lu mN supportA hy *hto 
ooto. At mtomUklvo RNhoi Ion eetluottog yum hRLh on si&ruI«I
hy those mthum Lu hosoi os tho poopuNam ol hRMed • osA ROh^U^fOI- 
yum Ihholor fcMttei ut the emo stitch leeoth oui mom per RUt 
leu|thi uuplqymr the vrLonrA oRlrs Ion tho RUhtheUiyGiR IhhNeo. 
Thou the lhbrlo vulehto per oMt oroo am the aomu muI the elleot 
ol lihilo romtrmeim oa lte thlBbnooo le eeweOLLei oR.
ThoRluR^l ouy ehauies lu Ihhrlo thlAueas om enelRMl to the
140.
Affotmoe ta hulk hottem th* aMkoA on motaHM juwn. 
nhu>xMluMLly thie mcHoA le oqpuler to ooy othox ee for neeA 
Mu^Mrt^aoo It lamina u oomriLAeMriLo unouM of M&ostalt 
mporiMoottl ooik onA ouloulatomi otA on unuh noulA nO be of 
gmet fHMtl<n MUi^j/.
fhe noueoMMeM of ule fanuoomty of f^eOnlon rntMiuA 
Hen fMoa twiet oropute ooA fuMtmlLUeA oylm yame kiMttoA at 
mulomu otltte out oottMiiU on oumlte out to dotuntao Wottaeo 
tMa toot ooMLA ho nunA on n oit^o tooto of eotlnutltg fhh!elo 
hMLk.
Ae ole puMlAallty Co) of a febrio lo unpmaoed ue tho 
nto of flee (oublo oeMfctaotuom per oouotd) ef ulr (6jjt r.h. mm— 
70^0 a oMLt one (om ofuon outtlMOws) of tho fharlo
nOder a pnooun Mffomnttal (ooM^auluMt to a om ooMlmOox hood 
of uetor)* Wth tte InetoteMt Mood Im tte {mount oooh to
neooem ule pouMaoULllly of fOaulcoh It un no Miuujo pooULtlo to 
ohtalt ole paumfeUlitr (p^ at a pnoeum drop oosoou the fhtete 
af 1 on hond of aetor eltooot iMOsperiettaf mom flow nOkon In 
the InwtJMNMk. fheaofet»i to ouoortem tho reHttlcMUhlp
betiouM tte fioe ta o.o./ce^/umo (P) end the pmooun drop ta 
aontlneton of aetor p) oo the! tooto oonlA be pesfismoA ut
oalnoe ofZ p lumas then 1 un of outer ond jut ho oblo to uw^su^jol^Mte 
to too mfulsuA oMMo of 1 on tte veto of fioe umu mnuuouisu— on
 141.
fahrl^os under amfldaroHon at value# Of a p up to tho rap to 
rhloh It vao poMlble to roof flea#
In Mjorno (Al) end (4?) tho vote of How (F) lo plottoti 
ogmwefc p«wm drop (A) for fahrle# pmrtiaeft fpm jaam# Ffl#
TO and T3Z9 TS9 r#a?<#oiTrty. In eaeh flops# th# dot# plotted
for fafcrloa fpm fhlwo trlot ortapod jmro# loprewoeto th# flow 
oalowo for fahrieo of th# oarn amoured otlVA length# a# for 
ffcbrlo# Tom Tortiolli^id yarm#« Th# flo# oa^oa for fhbsie• too#
fhl## tried e#l■p#d jama won ohtalaed TOo» aepuBte plot# of 
F aaalaat A (loop lnngth)# at v#9do#a vm^^oa of Ap. Thua th#
flu# ehlUKlc•«olotl•e aa dlalaats#t•d te napzna (fl) amd (ft) for 
fahrlea TOo# fhl## triad #Faq#d and Tartnallnad joama a*# 
dtrec^llj #elmtt#tTl•• It «111 b# notod Am thm Umma that
Wheroea th# rotation hotmoHm F aadAp lo Umsw for wet tarnled 
ond dQ tnahlod fahrlua olthln tho aonf# of Ap oom4derod hormt 
thla la mo turn# far ThOrl•e lo their gn#!## and at ma mOttod 
otatou It la mrt» hooorarv lotrndod horo to attmpt a oo^et#
aoooant or ahpLaaatlrn of th# r#letem O#t#oon flo# and pnoaaro 
drop. TO# maUum re•lBtaaoe to air flo# foo any glron pi####!#
drop la offered hp th# dxy 1embled fhhxi•a and tho Quia— fy 
otoam rollmed fhhrlm# Tha la do# to tha gr#m#r oollepae of
th# ToOtIo to lt# dry tombl#& atat## Tho gr#lge aad otuam 
mlmd fehrlca» lm adtttlon to tholr eplamlaa# ar# mm omUly
doformod omd hono# atlor mm air to thromi#*' th# d!ff<
  
 
^p ( .an heau oi‘ a ter)
-elation between pressure drop (^p) and














































ia air TJKh# lawming with # laor#am la pf##ton ia#g mwm tha 
fahrle. It mar aloo W etatiA th#t the otwalarft uortatio*
aalrnlataA torn mta «f tm T—<tn#n mm iWnl U to high fto 
Efnaf aa# rt<Nm mlana# fahrtoa whoa rnagmo with Mm af m# 
tramm oa! dQ tauHt# Teomoos. Uda HUerta lt# gaa■ler
vunuhillty af th# T<0»^lea ia their gralga ao! EriKam raiau# attoaa. 
ft#rth«mra, tn toaioaro toriatime ^aaaaaad Mth ao Imornm in 
prnaaMa toa#.
Tha taat af ate yttimhillty af plain haitlm fahrlea itna
innhalkte aylaa aaa yaafaaaae fr faaawan ae af. far aoayaalaaa afhh 
aathoa ate aeal fktrfaa aaa atae faaad thai at lav yaa^aaa 
dfffaonsntiala, tte telkte«fyl^ fatefa aaa ttv laaat pcxBaahla. 
at high praaaare ffffaaaatiala a laaga iaoanauta ia ate flov a«aclaaht 
vhlah aaa aaoalhte te thh grateer dfaaaraheaa ef haakeA-aylfla fatele 
ate apaaheg ef ahehe fhheaahlhha.
It aill alee te oteerved ftea flgaraa (il) ate (62) that 
ah&raaa fatTio pa^ot# ftea falaa tvltt ytaon yfl ia any of ita feme 
atataa te aose aeaiataat te ate flea at aay givea prwaaua trap thaa 
e#Myasvl with OlJnlooy•aUug fahxio t#am Oactcalicae yaaa T%1 (fig.il) # 
thia txaah te savasaai foa fahaica faaa yaraa ate £22 (fig.ia).
la order to d^aouatruic the rehhafac hhtweaa fahate air 
pea&hcbflfay ate fahrlo £*21^, the data are £1^^ iu ilgurea 
(6J-66) • fhihrio hata wee «a«a»'hMd ao athha^y ilLL«a<be ia the 
pravioue ehehiea. hla>e aLr p%auhchlifay (?*) of fahrtee £#»
 i» a b■ ic bull: c. c/o m
-ig*63. -c 3 o i on oe rvccn ±‘ aonic bulk 
ror the faoi-ic in its greige









r'a brie 6u 1. c • c/g. i
6ir. GL^ dexatun jetween t'-aariQ oui . ana air jermeaoixixy(ra)
for faari: in its greige and relaxes orates.
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i?ig.66. R Let:Rn b-tv/een rubric bulk and sir 




yarn MZ aad fig muIA not te awfEux^id at 1 as head of vatic,
Un vLtmoo plotted oyo for O*1 ca Owed of ootow oW tho foot till 
its pomookUAty valeoe iwr locoioo knUti! Iiw# joxae IT! oat 
1*1 (iwlsg ee l#lpl#priaii looker of hsIh to give tow moUtiel 
jrwee dernier, the ooee oe lkel for yroamo jKT end 122) ohwII O# 
oObolood it 1 oo hied if oiler lid lie too tie! Tekrloe yanrtni#l Aim 
loom doolie XHowost yewo oad tkoriXore oX # groeter mnbow of 
fUHuoati, eri loom poeoeahlu. Ib will Oh ooee froi flgem
(63-66) thet tho oir yomoOhlity leorweoeo i!to #o loooeoei la 
Tonio iUlo oe oould Oo HopeitH! ond lhot til lamwow lo Uaeor 
vitOl# the rongo of Tohllo lMLk owneHoxod hero* Too otoyew ef
the lJ#oo for a gtvoi foOdo la vorlowo etwbee oypear to hi
olnllor voloO ioylieo that fwr # glvee looniini la Tobrlo balk, 
the iiijoon> of Inoraaio la sir yoaoehillty voslA ho lieUer for tbooe 
ToOrio elan#*
foe i givo# fahrto bulk the oaouet of wir Ho# varioe 
w•ool&lec to tho purblwelar itat# of thw Tlhrle. Theo ehon a
group of ThOriow vOtoO o# vory ia their eoertruteionel ood 
psooowwlag detail# or# looted fir oir poauoohiity ond UTTwioit 
velum# of Fa on obbwiaeu, it doom not woe# paecoLOle to grad# 
tiow# fhOrioe aooarding to tholr Tahrt^o bulk by oir pm^Oility 
methode wlo&e* la thlo nepwoE thw oir pooMtelllty toot ioh# sot
appear to bw prernlwleg hat oho# a give# fobrl# ia TJatOOwd by
dHTeromt tnatnoeto, it ogglhE h# paooLhle to la&outw ita balk
144.
atam^arletUa by air pemeeULllty taata, %n tarar tba 
payability af the fabric, the greatar tha Jhbrla bulk, aad aaa 
the air peonaalBliby faatar ae a natbod of alae prediallm im
Ihlrlc and gMMunt awraJhatoaea
' 4f»)
f - isn w’ • frr'W; nr**1 mm)
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s 2/70*20 *v •£>
V 2/10C/M mo
*7 2A»V3< V.B 1. .£•
*8 2/l<r/54 50.8










1 1/7*720 41.4 26.9 0
*2 ITCJt 41.1 26.1
•13*
*3 11*34 30.7 25.9 0.5*
*4 1140/60 55.9 92.8 •5
'5 1/1O*0 •4.1 2P.1 %3
*6 1-205'54 25.0 0.27
■j VM/20 60,5 58.8 %J7
4
W ^•0 66.3 1.077
p5 a '4.8 TO»2 0.77
*6 91T34 60.4 56.4 0.37
F7 W 72.9 99.5 0.Q
'o a T9„9 ca.fi 0.67












71 1/708® 409 35.7 -.95®
% IiWM 5 .8 10.0 0.60
rw
"5 l./io'/M 3?.9 17-4
‘.61®
‘4 JA40/40 54.9 17.1
c. 5®
% lAS-A- gQ.9 17.0 0.0/®
1^S« 29.0 21a Ol
FS tfr /90 O.f 507 0
r P
4
n 09.1 63-5 0.17
P5 « 05.O 64.0 030
*6 afi'nf'u 52.9 50U r.io
p7 tt 7%9 54.6 0.13
pe tt 64.3 69.5 ‘.15
6 Indicates an sod «m& o In
Si el
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Me OrKlFK 21.T 2T.2 600 250 ®5.0 8.5y 18,5• — 24.0 26.6 655 242 28.1 10.45 T0.5 •ft WR 27.2 24.2 6T5 252 45.8 32.55 2?.5 •
M TO 2T.6 28,0 TT2 246 41.T 6 28,5 •
no 21.5 y%4 654 222 17.8 *.2jz 16.4 52.4M 18 23.5 29.5 625 245 28.1 10.45 20.5 5$M m 27.2 26.8 129 236 3».5 rn .«5 25 56.5n TO 27.6 22»2 "T® 228 40(6 H’T 2%2 64.2
200 OswGjb 22.1 3U3 683 234 10.8 3.1} 17.2 6r.4• s «* 22.0 51.0 60® 236 19.8 7.3, 13.2 59.6• 88 2T.2 22.5 Tll 232 56.5 2S81J? 18.6 60.6i TO 27*0 28.0 T56 25T 365 15. 6® 86.T 67.0
420 25.0 29.4 6T6 824 T.5 0 V T.2 66.1• 9BI 24.0 30.0 T20 224 14(6 6.25° %2 62.4f* TO 20.2 26.2 T60 223 26.0 HUS 13.2 6o»1
M TO 20.1 20.1 T20 mi 20.2 2.4® n.T T3.0
560 Onulm 2%3 27.2 T04 . 210 %! 5.2 10.5 60.5• 24.8 2fi.° 212 12.2 1 .4 21.7 T1.8• TO 2%o 2T.2 T22 :»5 1?.? • 17.8 69.0
M TO 5%0 80.0 6T0 213 10.0 3.1 21.2 T5.3
Ird&mtav kb <mrma0 t® fW~fo WdV#
WiL.l



























► MO h»tw 23.2 36.7 ao 345 52.5 J5.c4 10*3 4.« TO M M.6 (66 245 29.1 25.0$ 11.4 4.« n ®fc3 3%S 1® 47.0 <%ss 22.5 *• s? 2C.0 4%6 a.5* 54.4 •
1 210 •wim >1.3 J .7 £9 25? 27.9 4.2^ lfl»6 40.78* '“.r M.5 09 ?n 2.0 7J.£? n.? 42.0<* TO r.y 75.5 • 4€ 257 ^.6 4?.!* i%i 49.6« TO >-.1 SC.1 ' 90 ?55 ld.6* 29.3 56.0
260 W!fl» 2.5 5C.6 &n m 2f,8 %!/ n<2 57.0« & 2.2 J .7 02 725 17.7 6.5j X2.5 52.5•» w 6.8 te.I i 46 ran 5%4 3%2$ 15.0 ’7.2it TO 8.5 B.O 92 129 57.5 15.6* 78.9 85.2
J 550 , Tpi-l© <e.o ».« - «5 as 15.6 4.2 19.2 37.9w •*r»• F*- i e.4 •0.9 6C 17 11.5 1.1^ 12.6 54.1M r *W1 7-4 70 no 28.1 14.62 17.5 7>.7TO «%0 28.0 1
• ;
4 •19 53.5 Q»Jr 27.7 (7.2
1 420 < n»’r» ; %G n.2 • 74 *5 12.5 %2 16.9 61.5« ; 5.6 (%« ■ 27 14 14*6 5.2, 11.7 57.9• BE i 9.0 !7.« 1 16 7%^ %2* 21.1 62.5M «P %0 9«t ’FI 31 27.1 %1 29.8 69.2
1 490 « Ml*. j %4•"J n.5 4 75 11 9.4 K.4 16.1 6 .9« ^8 ! 5.6 •o : r? 6.5 ir.6 21.9 6*./,n « •4 7.7 < ^4 2 .0 9.2 r?.o 64.4* W ’ <•2 •M 5 > <1■ X 21.9 M 27.0 68.4
, .gk.
ftminr dffftvfcw mA#it* of oad? dT l/!0' Af "WKt*"!*/* T m (7?)>.
rn. Tero Mb* ©**r w Chunw d>n#e Mb * #
of den* rrm . •» «B in 1Mefc»





(torn**} (decrees#) (ace e« e)
2 200 Ornige
«W
22.9 2M 650 249 29.2 n.a 55.94* 22#0 2M 6'8 848 26.0 19.41 15.9 49.7
B m 2^»6 29.4 676 249 40.6 22.9 M.9
# r? 27.5 27.2 745 259 58.9 2%IF 26.9 21.4
5 586 Onim 23.5 50.5 676 241 21.9 7.y» 16.1 60.4
* 'ta 21.6 2%5 697 236 18.6 8.5$ 11.9 56.7
f W”W &e 3fc§ £32fftz re 8s3 , IW re:8 h£
4 400 Crelre 22.9 3 .2 692 256 10#2 %1^ im <9.9« 7R S&.2 51.5 694 239 14.6 0 , 14U 61.5* HR 2%2 27a res 236 ?u.i 1T.0 63.9# OT 27.0 26.0 796 232 51.5 8.5* 25.2 79.1
5 5C0 Gsetfw 2M 29.4 6m 229 11.5 6.5 17.9 66.4# ?> 24.0 2M4 662 221 n#4 6.5 d7.9 65.0M W* 26.7 2C»0 748 223 27.0 2.5 68,1« Tf 2T8.0 27.6 779 229 36.0 ?a ?^6 •'4.0
6 COQ Omtf# 24.9 27.6 676 2S6 2.5 11.5 3^9 60.5• 32 24.4 28.* 625 n<5 7.? 12.9 ie.» 66.Fm re 26.9 27.1 729 224 37.7 8.5 24.7 m.5m R? 2.8.8 28*0 8% 219 25 #9 14.6 5%4 6.2
T TOO OMe 2^0 26.0 616 217 3,1 17.7 2G.6 68.5m 32 2^0 2M4 666 209 4.2 14.6 18.1
I B W2 27.6 27.0 749 212 R5 14.6 21.6 7# W 8%0 :27»0 t-re 216 14.6 17.7 F.o
i inrtiMbe* an inCYVise in fabric wldlfc.
(Hoing aw ton of anlj of 1/I4</ft Ttarfciwl *ae6 ;«rn (*„)).
r‘e. Tam Cnnga C tttttgt 'B Ci-nre Wb-Oof
is?" TiO In MbHe In i?:iOll^»enria state e w 9 toaot Mbrie Width' fAsne awn
l*«y.»






f 200 (Teat oo 21.8 2f.2 €19 2S9 17.* «,*• - # '3.6 A.?* 21.9 26.2 998 247 1%0 :4.«5 6.9 47.9
TO 26.9 22.8 S'-' 254 5W 27.M 1%2 «a.9
TO 27.2 26.9 732 291 38.9 27.7 60.0
9 420 $wta» 22.2 29.0 644 242 17.7 m.ij 1%0 89.0
'• * 'R 21.1 29.0 612 249 14.6 ^25 na &.e* TO 2G.B 26.0 697 242 2%2 15.65 18.1 T..6
TO ac.e 27.2 129 242 M.4 Q.4* 2R.4 mG
4 940 OrrnlM 25.6 26.1 616 259 U.6 11.4 24^4 "4.8
10 23.2 26.8 6SB 298 4.6 1U4 • 4.4 72.6
03 26.4 24.9 641 ?98 25.0 0.5 91.1 7.6
TO 27*0 27.0 799 296 27.1 31.4 95.2 80.9
A ieHa&ia* rn 3t%otoaM ic fATo Wdth
 n a -S' 1%

































2 20/ , r»- re 20. 5 .2 *
1
75 *1 2% -• '.1/ 24.5 ^6.’>
ip 21.0 : 7.7 • P2 59 24.0 A.2X 2%0 &.6■WM 2-u : 5.0 / <’• 58 5t/5 16.7$ 27.5 /7. m4V 27.1 : 5.P '
*
26 >6 42.7 *.y 4C.% 76.8





















4 fv ‘rei 25.9 4.6 « 88 41 15.5 V.6 26.1 77.4
*R . ?5.« : 5.4 - T9 41 11.4 13.5 23.3 75-0
’3F- R#6 : %o < 40 ►4 2 .P 1%B 3%0 81. 9
!T
e < 7 &» iwTwa e in ffsHc widt".
1%
l ' Inp d 1 f f <» H nr ! • -t rf eng, , of 1 /205/54 Text rs 14 te4 Tm (?,)).
^Oe Tam OSb- G .*mre 0^ *’e Cbanma ?hb-‘C
Of dan- rlc £ in In 1n V <b>3 '
•nos far mteta C V ,5 1 < fuhrlc fabric fifth r 0 ‘ne a
length, #«dv. era*. Be?1'* a
(doaxsc (dccna* «e) ( . ’r. C agj 1^3
2 410 Omi g 19.4 27.5 554 260 v.e • 1; 14.1 "5.1
’H 19.9 27.0 555 259 2 .9 1T.5 72.6
24.4 24.5 590 250 58.5 11.5* 52.5 "4.6
r? 24.7 26.3 650 254 57.5 1.4 - 2T." (%1
3 615 Ore i r* 21.0 26# 0 546 749 15.0 2.1 15.3 m.5
2 .2 26.5 555 251 ’2.5 5.1/ V...5 75.0•;’*> 24.1 2%1 C"8 250 25.0 .2 77.0 82.2
~V*»0? 2*5.1 2f.O 650 249 2®.2 4.2 52.2 fO.5
4 020 Owarv 22.5 24.0 540 247 10.4 11.4 1*.7 05.0
ta .1 .24.8 540 246 0.5 12.5 19.7 r2.2
24.2 24.0 501 247 15.6 12.5 26.4 -6.1
D* 24.2 24.2 6"5 245 16.7 16.7 5 .5 «a.7
6 1250 Grti ge 27.0 l£." 5^2 256 4.2 2.1^ 1 .8 91.5
. 3! 27.6 10. 524 250 4.2 v 4.2 m.6
27.1 20.6 556 250 14.6 0 . 14.5 91.7TW 27.1 22." 594 254 17.7 c 17.0 94*1
7 1435 Cjrdra '. 18.9 522 242 2.1
2.1^ A 96.7
^1** 29.0 18.0 522 250 4.2 l.rP 5.5 92.9
?i. 0 • '.4 552 256 %5 7.1® 6.4 9».6
Ir *> 29.0 2 V 580 230 14.6 4.2* ".1 ap. 3
e I64n Cuolra 5 .0 10.0 540 756 1.0 1*• 1 0 1 4.0>"»aa S .0 1% 540 254 2.1 1.4 "6.0
51.0 19*0 500 740 7.5 5.5 104.0
-* 21. 2 620 257 12.5 4.2® 0.7 1<5.0












lAF mr-'sam of ©ns* ■ of 2Z7VM fal ?# t#) :t c






















nc" -C"./ r* 7
( ’ee ,at ) r train ve) { decce-n «e)l 5*p
2 2S0 ;r&iaa 21.6 3ft . 23# ’f.6 l.f^ 16.1 56.7
?’.6 ?%5 < re 251 22.9 • J
i*4
22. 56.p
r- 27*4 rr*B 4 75 »55 37*5 54.2 61.9
rr »@>0 . «.o i 40 242 9^.6 2.1 40.8 6-C.T
3 420 j wrtra 22.8. >f.2 1 45 232 35®0 £ >S.< S' .6
: i? 23.4 15*1 ' W? 207 37.? ’.«x ?a.f 6> .1
TTR rr.6 1.4 J 20 25 C 32.5 26.7 67.5IWf-. 29.0 r.o ' 65 23 C 35.4 ».r* <2.0 74.4
4 5<£n < i^eiW 23.1 OM ' 53 ??7 12.5 0.3 1?*2 r-
'n 2%e >7.8 - £ 22*.’ 35.6 f*3 22.e 6».'-
«?< 27.9 S’o 20 252 20.1 1*0 26.9 72*7
r? 28,0 20 351 29.2 f*3 54*7 79.5
5 Y A rW=e 24*3 K.o i 12 232 11.5 ".5 10.2 75.4
in 24.7 >6.0 i 45 229 K *4 7.3 17*2 fo.7
1 vm 27.8 N.4 i >00 251 2f.n %3 52 .* "3.7
. n? 2R,0
1
l%0 ' ta" 231 2%? 12.5 54.5 r *5













'ttin'* dlffeHnp? of rnd? cf 2/?C/54 falo oMm d
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diff# n• ,rver* of «tde cf 2^?" 2 falae twi t cr hr*A
yam > • « '•'
Inr! ■ ea©* % an ims OftJt i n fk> H c v'4 tb •
fRilnr Hfrdr.r mahon of ©nx « of 2/70/20 fcl e twi»t eH^iod ram 
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UR 20.0 20.0 764 246 41.7 54.2 67.6
TT 20.0 20.0 784 245 4 .6 56.8 72.0
3 420 Otreirc 2 • .5 20.4 502 245 14.6 .1 17.2 60.0
IR 21.6 20.7 626 259 2' .0 5*1/ 25.4 64.9
WR 26.5 26.4 694 259 35.3 •r 51.1 72. n
n? 26.0 26.6 692 241 53.5 3.1 31.1 77.2
4 560 Gureie* 21.1 26.7 565 245 11.5 10.4 2'’.6 73.3
TR 22.7 27.3 620 257 14.6 5.2 1R.9 7 .5
w? - 26.0 25.4 609 230 2%2 7.5 53.4 75.0
27.0 26.0 708 237 2*.2 0.4 35.0 01.5
5 7OA G»i,<e 23.0 25.0 597 259 11.5 <2.5 2?.5 76.0
SR 2 '.2 26.0 620 23' 17.5 V .4 22.5 72. P
#R 27.0 25." 675 252 21.0 4.2 23."' 77.5
R? 27.0 25*5 600 255 22.0 2.3 32.5 .6
6 Indicates an Incmrn^e <n fabric aridtb
TAB_____!.».
(Ooln< differing mcn-era of end# of 2'70/20 fal»e twist erimvd jw.m 
(fj), C. . 27.6“')
r0. Yam ^ab- O^mr* Orng* Chare R«b e
cf ''art- rio 4 *B *n thick-
end# ler etmW o W *» lfYT ’ fabHc fib rf e f -i - 40 4* *»
lerurtb, wid *h,
6 It(dee.) f -’ee.) f ’*e.) 10 !
2 200 Greire 2'.5 28.1 576 251 ?~.o 26.7 S%T
-* 22.6 20.6 646 2*7 27.0 2.1% 26.7 63.3
w* 28.6 26.8 766 244 H.,9 0.3'* 41.4 67.6
lY 20.0 28.0 784 250 4%r 0 43.7 75.7
9 420 -rwirw • 21*5 28. 3 6: 9 241 17.7 5.2 21.9 *M
22.6 28.6 652 296 2 .6 1. J. 21.7 67.1
27.0 26.9 7-9 2?2 94.4 9.1* 5,2a 72. s
:)T 27.7 27.0 748 29< 37.5 0 37.5 78.6
4 560 Gralre 21.6 2f»7 577 244 13.5 2 .8 76.3
IS 22.1 27.4 605 259 16.7 1 .4 25.3 71.3
«8 26.9 26.2 705 294 29.0 8.9 96.1 79.0
rT _ 27.0 26,0 Tt 299 29.0 7.3 35.3 89.0
5 7O0 CrWga 23.1 24.8 573 2*0 9.4 1 -.4 18.9 78.1
iR 24.0 25.3 6-7 294 314.6 13.5 26.2 ?*.!
2R 26.0 24.3 654 233 24." 1 .4 32.0 78 n
0T 27.0 2%0 675 293 21.0 8.3 20.3 m.6
rf Indian tea art inc-rer6r Width*
*AB1X JL
differing nnnMm of wo-’ir of 2/1 /54 f&Ue tolnt cH^ned 






























2 40" Cmlfw 10.9 2*9.4 585 251 :o.4 9 f I • 6 - .6•*> 21.6 20 628 245 17.7 21.4 72.4
25.0 27. 0 675 245 3 .2 2f.5 74.1
0? 25. n 2.0 7*o 242 2f.1 1.0* 27.B 70.2
5 6"0 Cmfgc 22.1 27.2 6,'SS 245 P.3 7.6 H O■ es.i
IS 2!. 26.6 612 259 12.5 11.5 22.5 77.2
9f 26.0 25.6 666 236 22.0 2.1 24.4 79.4
CC 25.4 2 .6 676 240 2 .C P w* 5 27.5 82.6
4 e 0 Ciwll*c 25.4 24.7 578 241 7.5 13.5 2 .3 81 .2
7S 2d." 25.0 6 no 242 0.4 14.6 22.5 79.2
W9 25.6 25.0 660 230 14.6 17.7 20.7 00.9
C? 2f.O 26. 676 241 14.6 19.8 51.6 86.7
5 10m GnMoo 24.9 22.6 563 25# 5.2 14.6 17.2 03.7
I* 2%- 25." 575 258 4.2 14.6 2 .R ■2.3
WP 25.5 25.3 645 234 6.3 '7.7 22.7 03*3
9T 26.5 2T.0 658 257 Q.4 20.8 2R.0 08. 7
6 InflScaitti an ’nemadt in fabric width
 difftrHnr w*©m of «m** of fnl •* tw^t erl®pod y»m
(r7), c.». 1O..9
o. Tem Reb- chftpvsw co^rre Change Abb^H©
of "Hen— rie a Inv 1 jonnt f*br*o in m th?ce»»end* 1#T 4tai< e feh ric f*b y c #O«
? enftb # wt d th . a mt. <*iCew
< r* a %
f 4*0 THU' *) (4^0*#*
2 4 " ''• n? ’ r# 2 %7 2* .5 590 2M •'
2.1* ;1?.f '.5
18 24.4 O1.2 612 237 15.8 0 j .0.7 6*.!
WR 26.Q 26.f ?Z1 241 55.4 «.i$ 3 .0
r? 2 .ft 26*5 757 241 5<»5 7.3* 52.0 76.6
J*
5 £nr Gmiffe 22*4 2*.? S'? 241 10.4 4.2 14.2 72.5
sa 22.9 27.1 62 O 235 15.5 o.3 2 .ft 62.5
27.5 25.7 7 7 233 26. * 6.3 32.? ’6.7
ty? 2 8.0 26.6 7M 23" 29.2 • 3 350 •1.2
4 BO OlfliP 25.4 24 .4 571 24 - 7.3 10.4 16.9 6.9
:8 24.» 25.A 6/"' 233 9.4 15.5 22.* ’3.8
VR 2f,o 2%" 65* 237 16.7 1 .4 25.2 7.0
TT 27.3 24.8 677 232 2 ' .9 i'.5 591 *3.7
5 lone Gr^im© 25.9 22.7 568 9M %2 2.5 15.3 m.i
IP 25.0 2.0 55* 232 4.2 V.4 14.2 6.2
m 26.0 24.0 624 237. %3 16.7 25.6 r .6
»v4»C £/* 2 .1 24.2 656 233 12.5 15.6 2*»1 85.2
indtaator an Infer**-# in fobric width.
?ABU 1?.
(Oainr diffarlar nun^on of end a od 2Aw34 fal e tw.*t crlrpcd 

































2 400 Crelpe 21.8 27.1 *91 245 15,6 r.3 22.7 62.4
IS 24<1 26.0 675 236 25.0 11.5 33.3 6Q.Q
m? 20,0 27.0 785 239 57.5 42.5 "2.2
?!? 2^.0 2%0 012 232 37.5 4.2 49.0 77.0
5 6ft’ r-ne'e 22.5 25.2 567 240 10.4 ’2.9 21.7 74.1
3H 24.9 26.0 647 254 36.7 14.6 29.0 -5.4
W 27.7 26.0 235 26.0 12.5 35.0 76.1
nr 20.0 26.0 75* 229 29.2 14.6 59.5 "2.4
4 6oo Gw* re 24.2 23.2 561 237 ’•3 9.4 16.4 75.6
3R 25.1 24.7 620 232 10.4 13.5 22.5 7-j ,6w» 26.0 24.0 624 235 12.5 16,1 27.2 02.5
2ft. 0 24.7 692 229 17.7 16.7 31.5 «5.0
5 lO'Q Cral ge 25.0 20.7 518 236 3.2 C.3 11.1 02.C
3R 2^.0 22.0 572 254 C.3 12.5 17.8 74.4
yp 26.6 23.4 622 250 0.5 18.8 25.5 0%3




(0titoh den-tty enmtan.t! ibv? intowopt# Tor Txl rib fkbrlo’)
CoO Yn*n q2Fo* r«m-
ier Oiwl -”e 3* V’IBTT’" Br><fo a* “ W--------
mn 2/XV54 5 .5 37.5 57.5 57.5 50 ioc ico
r?a 2/2 5 54 29.4 20.4 5 .0 55.1 25 25 m ioc
%i l/K/54 54.2 54.2 2^.9 27.9 180 225
TZ2 -1/205/14 2°.S 29,9 2«.G . .75  75 . iBO.- lAQ
V, 31 5
nl 70/54 29.5 2? .5 25.5 ».5 51.7 51. 7 51.7 51.7
U2 205/54 27.8 27.® 27.8 27.8 01. K. 9 61.9 01.9 *
X l-i-t
n»M«gno» amp sower or utkmatom
connti






A important property of a knitted fabrio to Ito ability to 
xotosn to it# original dinansions after mctonolaa. Thus, the amount 
of stretch and olartie rooonoiar detemifuia the suitability of knitted 
fkbrioa for aoo.fie end aaoa. Thr asaspla, a fatarie that atjalahoe 
only a iittla ia of iittla nee for ewetara. On the ether hand, one 
of nir.lnun stretch requirement but posoaoelag high rooowry is 
desirable f!r gloves. Balkod yams are inoexipxetod in oeft-knittad
fabrleo, for any one of, or a eoahtm-tion of, the foil<wing main
roaeonsi
(a) IHanllo (texture), o;aoity, drape and lustre,
(b) itreteh and rooovery, and
(0) Figure control (in conjuration Wth yarn).
The property of stretch sad rseow^ry of buikad rylcm is 
utilised in knitted articles iike soaks, otookings, siacks and 
ewi sw'/r. A stretch and recovery are of such great ioportanao ia 
knitted fateioe, t*e evaluation of those props sties eas thought highiy 
desirable in the present wrk. The sain object of this aspect of
study was to detersiAe the inflionoe ef the foiVwing facto re om the 
elastic propMrtias ef ribbed Mabries'
(1) Fffaot ef increase in the numer of eode knitting at a singie 
feeder.
(ii)nffact change in de/xler per f lament of yam.
k )Effeot of change 1a erlap rigidity of yam.
146*
(Jv) Coahpacriem. of the elm.-;io jpopuetiee cf 1x1 rib fabiles
knii;e& Hou ftlae tvif eadUtpd p^ima tdfch thou vf wtuffur beat 
WHied yam. of eeapuntble denioar and arht xigi/li^»
(v; Uautariecm. of the eluirUo jproprti^ of 1x1 rib fatales of
stuffus box bulked yarns im tiw mile eoU egujgwiWiew Alrowtim*
(vi; Cxfcpnriiem of tbu elima^o propurtiitt i» Uim wceUe ai«i etusoewlM 
ditectiae. of 1x1 rib fobriaa *11. thoeo of half eur&gwn 
struct ere both knitted frca stuff er box bulled yams.
(Wii) Comparison of tb<i el&otiw pi^Nptpti<eT of 1-4 sib ood half
onrAigoft wool ftthrlae With thoeo ef bulked yam JfotasieiD in the 
wn!) en3 ermrmewleei ditradUfB*
Av all Fhbrioo knitted frro bulked yams sxe mbjeatud bo m 
relaxation trrt&rant the fhetetc (1) to (vit.) ne trevi.uuoly stated 
weir© studied for ffebriGD In fchirfr four different otntss, namelyim, 
(ij the day reload greige utntw, (ii) the stsaa relaxed state,
(Hi) the set letacod afcate ond (ir) the d% - tuubled state. The
influence of there redo set ion preaeeses was sVudisd in leelotem, 
though it sse realist that la prentice, fabrics any have bo undergo 
m ooablnution of two or three of t'jese treewooes iu finishing.
91th the whore ohjeot tn rim e uawoy of lta mature was 
worried out bub it revealed that very little date ia svalUble on the 
el ertle porforaaeee of etretch fobrloo Although trams webk has been 
publiehed on the wlwetls lee'evepy ef fabrics knitted from eeaveBtlmml 



















behaviour of Imtllo fibre* and jam* and though it me mdliMd that
thla eight not bevo a direct bearing oa the p^oad inveBtlgetieet It
me thought ooathoidlo to verioo the met Upartont artiolee uhieh bare
appeared im thia Hold of work
4.s ,anwr of townflaw
—111m4 •% al.^08’ hrw* Aamlo^l CMOf«xr’
data for a vide wcm* of tortile flbree uefaf the mtpmtod cyoim<
tofih^jLqo*a HMzCith*c etudLoo ware rnda oa an aatc mpHe load-
oatenelon recorder deeoe^^lMd bar dfO dth a oonotant rate of
loadlior. He Aetomtnod the degree of olaetloltir or toCleZfclc
reCKvr zy' (ratio of zecovozablo cUegatl<M to total clon<Rtlce) of
■any olaglo fibre* for different lcedlng etope along the etree*~
etrein ouTre. 'Maiiard and co<■oz,tcae alee mod a ocrrteet rate of
clcu■ction rethod for a fca elegic fibree aad ml^il^l^fl^MN^t^<'
teaMi aad ^*■’^5 eta^^ ttut when fthree are etrnOAod
and them aom of the ■loagatic0 le reocvcrelic mejditelyt
eem rcccv■z■ after a period of ttae and aom' la poreeneat* Tha
three ocmocnclte of the total clCM>*tl<M have been terend 'Lam■dlctc
ele■tlc raccvozyl| oorrecpcndins to perfect d.aetlolV* 'delayed
recov■xr' or 'pplnezy cz■cp• and ' zmaMom eat' or 'eoeondAry ■tmp1.
Twere oocpcn■nte are known to contribute to aom of the ^^0*1
zvzcectie■ of flbree' For uamXo» a high proportion of iwwddaie
■la■tlo r■ccv■ay la kmca to com tribute to reeiiemao ohieh
acccr1lMg to ScXi and DUrn 1°B ie a a mbratlon of ■tlihce■ and
fern Mwwrouyi to atmi rwemfcMwe am wnuakLo aowurvey as obooa by
f<OKllJiuiiA to nl.^*^i to eoftnoeo of Mbrlooi to ftolmo and woo# 
sceltoiMO eoA com to e«e«t.
Boleyod reecvmy io elao dMliwblOi bccoMor to r leeaar 
extort. TCm UT0i a Mm ny to lUntynUMooM frn ojoMdal
podpoooe. nOLeyoA recovery froqoetoLLy oooooo xoXooOtiom Mhrinkogo 
in mmCLIm fobaiM erecting problem in tbo tcUorio# e^ gnmO^tOP.
M# permnect oto ia gemmniy mdooixoble im textile 
fibre# oniecf poMkapc im iie>arted ieotehooe« It io Urn tbmt 
pormnont met com bo portlolly raoovarod by inoroealni tanpanOheroi 
bmOiGty and by pametoid oceling, thaa affecting ii—noioniM 
rtwtinf1*.
tbon fibre# bmo born mtudOA end roioaoorti they ora 
kmecn to rooMmr mOt only by different anacat bet elM by different 
ratoo of ayood' Tbo roeovexy cm therefore bo o«emnaiatlMd if
diffoomtmtOm la modi between tbmt obtob ie inc to! ala end tint
•Mob lo delayed. tbno tbo Importance of raLLctOmehly botcoan
rcooweiy end tmo bet been romognlmd oven ttenph mi Mtlnfeotexy 
nOtbod exLote far mcmiing it. i oof i^iwmi^PP imeertlgetod tbe tine
fnOkor im reonooiy mod dioilianibfcOd boteoom 'iMtrntimoen domic 
defeanotion1 end ’dolayred dafmxmeian". bo Ulmo pudiobod oom
dot# on ddnyrt deOennti<n end delayed rooowaey for different flora* 
ueind long dmotlim trnto. UeOlann**J dimoeeaea tbo infloonoe of
tin ond dootonbed different kind# of roellamoei nioo indenting
14J.
yeMObUltleo fer moerlM tte opaod ef rao veior.
Bee^se^^Br^^4»115 nBpiMriiiod the aOMOeOlty fer teOcniioiog 
iModloto ead delayed seeeray oqponotely ead quetltailrely.
Tahlng edvoiatiga of the eoOLo-Mdolea toehrtqoa, ha uoad e pMlae- 
prapogotlJM ^Onr in oooMOtim alth a hoot IP-2 eenotoM sMo of
t
leading toot Mg ondilno for nmnoring tho dofloatlcm aomoMona»
Ba thus dotrnniaod the ilmorilate alaMlo dofleetl<Mi, the 
iprlmiy oroepi omd the laooaod^ oreapi of vi.aeoea, eoOeto md 
Mylo* mltlfim mM yera oa the flrot leodlag oad aa<oodlag 
qyalo oad rtao lepoetod lcediM<« Bahergon'a iarraotigotOm io
a pioneer mo ia ohtaMiag oeapaahlo data om all three oloMteHM 
ioapomaata aa memo ef tho onrllar ooifcoro attracted thia#
Tho raaam for the dIffaroetiatiOm between the throe 
ooapiMo&o Of tho total olo^Otim, apoolally the o^erMloa of 
iMMIlato and deloyod iiooioiQ In rnlMy a praeklual om* It in
aigtfiOMmt to kme Mt oMy to whet extoat, bat alno elth otet 
apoed no Inpoaod oloagmtlm marera ainoe oom oXcaoMod flhree 
"map -teahi whllot ethari laroap-teoki after tho tanalrn ie 
rel«aaod«
hartah and BO«ait ia their paper hare attmptod to 
annUaia the imMUeto olaatia 1000*01X1 delayod roeoracy aad 
parmaa* ait ia team o^ the aO.oonlMr atnMtare ef the flbroM* 
Thia inMUato aiaatia 1000*00? ia maottLatod elth the diaplaimmt 
of atom or aOlooUao fro* their .poaltiam ef ogalllbiMa aad elth
150
thrtr iqomtaMMUiB or imAmta antom «hao tha otaotohlag foaaa io 
aoaovoA. AooooAXiog to praoaat thoooy, laaoAXoto oloatia aooevoiy 
af vlooca-OLMntio aatarlelo oaaare oalaly la the ooooyhaoo aogloa*
Thio anoorary la pmAonlaoot holoo the ylelA pouot, at loo otmoeoa 
or otaaloo' Saoh aaoooaiy ia paadiblo ohao a ofliiint ooobar ef
•Hoag oaao» H5^a^^a oao proaoot to prevent tho long Ohoio- 
ooloooloo ftta olXAing ov«i aooh other, thoo fhOLHtetUg tho aotuaa 
of tho AofomiA etoootuae to ita original amngeainl» Xaaadlate
oloatio aoaovaiy am alao aooULt Aon tho folding of otMUhtmaA 
flaaXhlo long aolaoOLar OhoLoO'
MLoyaA aooavoxy io hoot AeooriboA oo o hiaAoaoA oloatio 
aonovoiy ninoo ottatalo AloploooA aalooUloo oontinoo to aotom for ohm 
tdOto after tho aoliaao of tonaion# It eon thoa bo aoMnA<oaoA oo oo 
Iot<lanallao botooon tho ■•ahanlon oaoaiog ianoUoto olootla aaoavoxy 
and the praaooo proAutlog poaooooot oH»
Peaoonoht not io a aonUILt of the i1aomIrllbla HoplaMniat 
of aoloaulea end io ooaoaLotoA ia vtoao-aloitlo ootoalolo olth ono 
of tho fblloeiag proooaoast (1) olippoga of loag-Xhtila oalooULao, 
or porta of thoa, along oooh other Ano to tha brook Aono of tha 
oooooAoay bondai (2) oUgnoort of linoor ohoia aoloaulaa by tiaallo 
otnoao eboomblo io X-ray AXffmatlaa pattiaoa oaA alao olootron 
aXoaographo of high pdyroonoi (3) 0100X1X1101X00 of nolimlar 
aoomogaaoot obtil aoA Auaiag tho otnotahiag proaooo by tho 
fOmeOliaa of ooo oroaoiLOkugoa botoooa ohaia aolooUlao, aonULtiag io
!»•
# pawnawit alaagatlaa wfclah ramlaa after radoaolag tho foco •
&LLttea tho otsootaum^ aaam^aa^ attained rapraoaat aaa porttloaa 
of aqaULLbrnn.
It wlU bo noted that a certain aaaum af data baa boan
publlahod on tho alaatia raoavaay bahavioar af tanllla flbaoai both
Batumi aad ayOthrtla, andar vnrioea ac^tlona. Hcwmari tha
i^a^^La^^iaa of alaatia raaaveay o^ kMttiri fbbrlaa of differiM
aaNrtraotiona previdaa a field aherc at^i^^iaa of thaaa propartiaa
la af aa^at^an^ in tho 2nt«m daralapaeat af thoaa fabrloa.
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&ri&efar at ai. naaaarod tho alaatiaity af acaMn 'a boa# 
by dateamnOLag tho dlff<tfenaa batwaaa tha dLoamfa^anaa e^ tho 
ataa^^ at a load af thirty panada in tho first oydLa aad tha 
oilauuforalaae at a load o< tan panada ia tho tefbaadradth ayola 
ef diataam.<N# fthor ^n^^^iat^aaa^^^Ttl^^ using tho aoM aqpiLpna^
anmaaod an aatinate of tbe alaatio prapaetloa e^ vaaan’a haaa by 
thc ratio of raaaveay load to stretch ioadi
fir tho above aothoda the fabric auat bo In the foam ef a 
atooklag' Una, ahaa thaaa method# aro nood, varloca oouOtm^iaa
fhotora pertaining to the ahapa of the atooklag naat bo hold oonataot 
to oaapre fabrloa in which only ono footer, anoh aa fibre oerterti 
varlea. koallaiag the diaadvontaga o^ thia mOthed, Saaaaa aad
flatoharU* dovleod a method for ne^aaalng alaatio rooovaay ef oettom 
knitted fahrloa. They nood a oaut^ rate ef loading inaiina ploaa
aarUgnph typo o^ nuULlao doaigpad to dotemlna tha breaking etangth
15*
of yosai. A nov aot ef Wider aod aon oubatontial jam waro
doolomad and oonat ieotod te hold tha piaeoa ef kWtted eatioribSL. 
lha sothora detoodSed alsatlo 1001*0x7 1b tho oourooMee dlraWim 
fe* eight knitted aottm fehrioa fOra tha opiUe otroaa-o^ioUM 
dlsgaso They fimd that tho Weatii roeovay-etiein data for
thooo fabliau spprradesied Otvoig^lieoB. ite any given otroaa
Wl the kalttod fsbrioa aSdo ef eetesol aad Meadied osrded md 
OMsked yaraa eShiMted a deoreoaa ia their olsotie raaomay Wth the 
amber ef loading ayeloo. In geMorSl, the 1X0*110 rooo^kiy non
grantor for fhbriia knitted Umb aoraeWeod aottoa yama than thoeo 
knitted fren nntoiooiiiod aottoa ytvtai slow, thoeo kWtted fion 
eedbed oottia yevn had greater olaotlo ieoevooy than fhULoa of 
oaidad aottoa.
Flatnhou ted dUnere120 eleo need t oenOnat iota of leading. 
iaoliso plena, oarlgraph typo af aeehiierOO Wth an mtooetio losd- 
Wongatian iiooeder to otady atioowatraia p&qpatlaa ef Mortals 
yersa end kWtted fhULoo node of rayon# aylm end eatrnel flbreo. 
TaW* atndy InolWod thirteen eMsarolel yarae asd plain kWt fShrIoe 
prodaaod mb s 42 gango fnllfSeihIMMed snohiBo Hen thoaa yersa end 
hiving & end 40 aearooa per Uioh impMtluody. The ieeBLta xhorod.
thst all yaraa had eom^j^d^aaoHi aiaatia reeMwoxy for mSLl atieaoaa 
end etisiM, bat tho Ma<elty ehoaad rapid doaroaaad in this 
Ohac^Ocaletla Wth largo atieoaM end atrelao applied to tho yarae. 
ef tha yorna fro* mttunl flbreo, Bom end aettaa woio tha leeat
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elmtio, onA mol oaA iilk the mot alaotio for Inago atoniao. Of 
the yama faoo aowfbltnroA flkraa, nylon ma the met olaetia aoA of 
all the yono, nyl<m oxMhLtnA the gamteat eloetia mooroxy' Fxm 
tho noleoMLnr otonA-priiot, thio io anAarotnoAohle baoaoea nylon 
omelet# of • aoxLm ef ohoA h^droooahao oprioge uttltoA by atxong 
oNMO'liakngm. Thom aoao to he aeeprnaiLhla for the high reaow«y
naA loa pemammt net aiaao they prohibit olgnifleant ol^]^oge of tho 
long ohMo mlaaolm* Grnainoane filMont mutate oaA opan oortola
were aoapoaoble to oilk onA wool, vhAJLO oap»mmaloo oaA Weoooo 
anyone ran elnllor to Hom and oottm yarao* 'Than ma only
little Alfflama>o in tho oloatia aaoallxy of the Homo onA ortton 
yomo at moll ataoina'
Tho olaetia aoeovoay of krittaA fabalm, Mka that of yomo, 
AaolaaoaA with on iaaaoase in tha ataooo onA otrnin naA all fohrim 
atrot<hoA morn In tho fifth tyolo than in tho finnt ayUo. farther-
nora fhbrtee ahiAh hoA high aooormy for laago atmiao aim hoA hi<$ 
aoaomay for largo otraaam, hat thio mo mt m for eon of the 
ywani' tool ynm WhLeh hoA aooh loma roaerwzy than Horn for
lorga a Imam hoA oooh grmtoa aoaoraiy than Horn for largo otmiM' 
OMitto aoaorexir-ttroin Ahla for oil tha fohaim o^^oa^a^oA 
otmight ILM«o aa anportaA for mttoa fobrllo^^^^• Of tho fateim 
fxm tha mtoral flbIaa, Hum me tha lamt onA mol ma by fMa tho 
met alaatia' Tho amnlta for mtten fohaim raao gonranily In
ogaemont with thooa of Bmom mA ilstah^^). Both m>l oaA eilk
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aaintalaad a hl^i raoovwxy over a aide laaga of atralaa hat that for 
tha latano aad cotton* daarcaaal quit# uqpidly a* tha atraia iaQraaaad.
Ia tha group at fahriao produced from tho muaU<laatural flbreo, 
hylaa, aontiuaono ftiaaoat auproaaaaiua rhyoa and apnn aoOtato 
dooveaood tha loaot ia olaotio rooavary W.th iaoroaoa in •tram'
Ia both groua» hov^vor, woOL ranked tho highoot and llaoa tho ioooot'
Silk, waO and aylan fahrioa of bath 40 aad 64 aoaroea par 
iaah deoraaaad laaet in oiaotie rooovaay wth aa inoroaee ia itMl' 
Camel eottoa and aontiaaoaa filmant aodtato oAlbltad aladlar 
olaotio rooavory proprtiae WhOtiar kOiUel at 40 or 64 aoareoe por 
iaoh' Hawaw, tho elaotia roeovory of nylon, allk ond aaatiauouo
fUaMont vioooeo woo o^llerably loot at 40 oourooo par iaah than 
at 64.
In naxa^ up tho abovo vooaLto, it ia evilont that tho 
•Xaotialty af kMttod fabric ooull uO ho pralleted by oaaeuieiag 
the olaatiolty of tho yamo. GBtetaadlag oxaiBpLao wo the yaraa
aad fahriae of allk, woO and nylon. Tha nylon yam wui tho aont
olanio, bat the knitted nylon fabriaa w<oro not nearly aa olaotio ao 
the woOL or elik.
Tho nOhad oaplaylQg a couO^t rate of load iaoimo piano 
Baehifw Boaoarod oBLy the laataaittiBCdua or iaaollato Olaotio raaavoryi 
oiaoc in one OBqptato otrooa-otroiB qyCLo thoro aro oBy oao or two 
aaocala during width otraea ia not applied ta tho apoMnon ALao, it
ia ntt powMiMa by thia prcaodura to naaoure tho otrotoh aad olaotio
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roeevixp ls both wSLe sad niuroaolno dirootloss niemltmaoiualy.
Sinae diluted neovoy ea wall ee ieitautieiieua reoo^ixy im kMt
febrian dotoadMos tho auLtehHlty af these mieollsla for opoMflo 
1S1ueii, s arthod esa daroloped by f'lotabar Mt el. . Th«o dsaljged
se apparstae ia xALdh the loads were anally applied. Tho fhUrlo
eea laid horineBaeily en plcta oMt in wvehlo nagaoStn oo thst tha 
Aoaxaisaente of olaatia loeovasp Mould ba nude in eithei wOLa mn 
eeeraeWLea dlcootlm, er is both dlrootioae oiMAtanioiely whw loads 
wtero applied. Cuing thin apparatus they avSLustod tho aiaatia
iieovoxy IM tha aeuroawiaa diraotdM for four plain knit fhbxlia 
knitted wLth 32 ooareoo pei inoh floa aaeearlsod eottos, aeatMuees 
filmiest Mylos, wiooaoa rsyea sad weal ysiee. Thaoo rMeovaxy
aNnonraMB'i lapraeistnd tho ooMdaad inaOlata nsd delayed laaovaxp, 
tha lesaita beiaf thon oonpsrod wLth thoaa obtained by ueim< ea 
iaolMa plena neOdna. Tho instimtaseaae laeovory eo noeeaxod by
tha laolMo plena Maddmo wan aeMlidwrn^ lass thus tho leaevoqr 
aaneurod with now apiaratsn lovoSLIag tha iMiuaaaa of s tMe feotor. 
Far s otxada ef 70 par aoM. tha Inatertanaauu rasovieNloo for tho 
oattoa, nylon, npaa sad woa(L febxlie etudiod waia 26, 19, 26, end 
42 per eett. rospaOlvwly, wurnoen tha ooAbiaed lnateAtsnooso ead 
delayed laaavcxiao waro 5®, 59, 55b sad 20 per oaM ^oo^<wOt^^^.
Far oattan end nyaa fabriia tha delayed raoavexy wm spproodinitelj 
aquSL to tho imateatsaoeun leaavaey. Bewoar, tha daiuyed iMM^ovaoy
of nylon febrio wsa twloa that o^ tho lantamtiaoeuM rooavaky, bat
X3*.
for ooelt tho iMOrtentimeatti noaraxy woo onto oOL o^fleto^l^ tmoa that 
ef tha AalsyoA aoaotexy ■
Fletchur anA s«Oh0O2 mplognoi tho mraWL n^naMO^^M^ 
AiMoHboA to otoAy tho Tlaoloxy propttXloc ef plom .kat noA 1O 
aib eat>tm ftabrlon in both wMo mA i^uao^loa AIi^b^^^' Thor
Mfio otw1io4 tho offaot of fMfOLng (before noA after LwAaolog) 
om tha aonorocy' b€hoolQWl of thoao fahald. BLmlIIo a^i^o^o^^qy
rolmia for 60 p«a ooot. atanin xloro1 f*« 73 to 00 p*r aom. foa tho 
pZalm onA alb bolt fhOaloo la tho oooaMnoloe Uanotlm' Xm tho
aalo ^naotilm tho eoaAm otmtQo ©tolnoA for thomo aib mA pimim 
kuntt fbha^oo won 17 mt 22 ;*oi oonk. anopaotlroly onA tholr ALnOtia 
TooaoaaLao 1aae»Mlad qsito angl&y W.th on inoaanoe of etmta« The
alaM>ia of the faLfhaA ploin tnit MIxILo mo grunt or Mm
lhot af tho qmlgo Vhhalo, bOl tha raooraiy of 1x1 alb gxOLga fhbrla 
«ns gronto thoo lhot of tho VOMhoA fhha^.o. tath plnta onA aiUfeoA
1^^onAMlod fobrioo hoA oam0<m0b1y looo leoeastty than tho gadgo or 
anLmaMLalod flniObld m&OnrlMLo.
Flotohaa onA hObonO^ inroo*iga*t<rt etlonoha^t^o1n onA 
rooonay pto>»o1>1oo of yoroo onA too-bor tArnot fobrioo of fl^^Mmt 
ooMioto, ▼ moio oaA aotton. Thoy meA a table noAM Xnotiom
t<aallla tnatoa fna tbnao aoaasmmoOn* Fmi yomo a 10 iteoh gongo
Ingth am aooA ^th n jaa opaad of 2 in./Oda. Vh^o brooking 
•taenigth onA aXnotia aoooaoqy dotandnatam aMaa mOAe om 11 x 4 im 
OfaalMtta m gougo length of 3 im« ano uaoA wth ■ joo tprnA of
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SlA./ndA. flLfluftle iahmtloul af thaoa yam# unl Ihhaioa at vnridno
ataaaa-ot min loralo um ovolautad tram tha hyataunulu annual 
ahtaiiaad at auntoot ioado9 vnmiiM Ttan a lav laud to 20 or 9# af 
tha toooking load. Fivu ay<OLic omrvea vara vaoiudLnd, tha total
aiinatfLam rod ianUlatn ULLnatia ovcovaiy an tha fifth ayctLu hulng 
■nnoaoad aa daaooibad by hanaon uod i'latah«^9« ZULirty Hmtaa
ntLav tha opaoinan ana ranavad fan tho marthaai punoonrnt out am 
anoouiad. DUiaynd moavany am thorn omomiUiud an tha difOaomou
batvom tha total hloagatlon at tha fifth oyaln aad tha no af tha 
iumaUata alaatio raaovniy and tho panunam aat aa daaoribad by 
OotLah and aUcrnO^ f*r flbouo. For naatuta ond vlaooaa yanaa# attar
ayoHu&< tha otnama-aama ourvoa at diff muBt taint lovalo (af yarn*) 
vndod okLy a iittla. Tha ioTLlwnmou of tha taiat af yarn oyan
thalr rauovoay kU^avLiuur aaa alaa anU. At laaar atoniao#
ianrttata alaatia rmova^ ana groutor far aaatata thuo for vieaeoa 
yarns. COttan yaraa hod loot ULdmgtln and loan ianrllatn alaotia
rooovuay thom althar af tha pronoun yorno Lika tho yuma, tho
uuUtuto fahriao had tho moot inonilatn oiaatin ran^uoy and tho 
am flout pamonnt ont» tho cotton fnbriao hod tho oucHret ioorilata 
oinatla rouavuxy and tho largunt pamraoat not. Tha iatioanao af
tha ooarnu vpaaing am olan otodLod aad it out found thnt nth oo 
iooraoan lo odoraa apaaimg oLaagatiOa im width inarunuod for nil 
fbfcxioui bat olaagotlm iu lcmth did not Okwaaa. Tha poraanta<a





















dlrootloa with tha ohanv# la oonrav npvvlmn
Flftrtir^ vaVUvvd lko tanorrtimo oT vtaadnaln# ttot 
Mttxdv for ovaluativg tho oloOtlo porawmaon of hBLt fotaloB» 
oo omni dlffoM^ oottatoiB^* j how bean vvO oooooro
oloojotloa mot rooovoor» ta lirotalpitlan bob oonrlod oot lo ooaporo
rooBLto BbtolOoA (!) vlth tbo ttOvra toatto tootor oat ot prodtoBolnod
loodo, (11) vlth tho IbbOibb toaO.lo tooter oot oo pooliOlabdohl
ootioolov vta (a) olth tho otaplir oMOhao thO ooOld ho opaotoO
oomaOJp* Throo plata kta! ootloo ood woO ftthloo, tbl rlh oottm
ood otrolob iplon fhfcelio oad tteoo trloot boOMo, Bottom wad vlooooo
fobrloo v«n oolootod lo #lw vwrLOj of tho flhro wad fohrio
oouBliwotloa for tho ooBootlorn of elooriB rooovoiy tgr oooh of tho
ohovo throo aothodo.
la tho loo looto wa tho XwBxoo toaillo tootor, noooarioMWti
worn aodo Igr tho anh oolhod on 4 a 7 ln* opoolooai vOla# a vaooo
loath of 3 la* vlth a jar opood of JAv/Vla* In tho nolhod nolo#
qqUo Btrooo-otraln oarvoo at a pwdrtBHlood ivtoaoIBn* tho opoOlaBB
bob Boloadod lo tho prtaatoialaol loagth wad hOld for JO ooiinrt whUo
otrooo rolonotlorn ooovrrodt tho novomUlo jao hodon thin riln^oa lo
tho lolt lol vavvo lomoth. lB tho proooduro volo# opdLli aixooo-
oUnta oarvoo with tho TaHron ooihlno oot oO prodotonlaod loota, tho
aoihlao voo safe oivtlnooaolj orBll nil opoloB worn wnphotod, tho
flrot qplo hodon aodo vlth tho aiihlao ii at tho ooolloot lood.
la tho nolhod wood for ipppa# loodo noainllp, too nodo of ooih
 !»•
opmmiom oovo oom olih ■ pl&m oom. to foam m Loop of fobrio nanjtly 
10 ia* in olTiaiBfwoiaf Tha qpoolmn loop oao ■l1fpad on» tho 
hMrtMortol her of the oppaoatmo Wth tha aim Ml tho top, Oom tho 
hoi Wth tho laAloator one pat t^ogh tha Loop# Mf-or atsalnhtoMIag
tho fhUrlo hp applying a aooftml laaA (10 • 10 pm»)» lonAo of 1*1»5»
10 onA 25 ponAa ooao a^pUaA olLO)ooa1valy to oooh ipoolMoi' Tttvhy
aooaod aftov aooh lonA am opilloA, tho oloafOtloa aaa aotoA. ma
looA ana thorn vooovoA, tho anoim! looA aaappLliA, aoA tho aavoooraaOhLo 
alaooptlon MotaA' GLartlo aowivoq ono thom aolanlatort ao tho mile
of aooorovahlo hLonpstloM to total atangHloM omA iopmiaA ao m 
poaomlagO'
fro aeoolta loAloataA that tha aooKromy datooo1.ald tga applying 
loo4o aoMnrtly aaa 1X01(01 them tho voaaroqr 1atolw1noA hp apallo 
atvioa-tffcvalM ooraoi, tho aoiinno loaA appliort arniolly holag 19
poonAa ao Mghor lonAo novo aot prartlort» Tho &Ntron anohlni aot
■t m ^^Miool^^ lonA giaa the loooot vaooray rOlaeo, thio boing 
Aao to tho foot that rimy llttfe on oo tfeo ono iHcoort VMv atraoo 
leloaotloa Igr tUa mrthoi' Qa thio MaiHae Lavgev looAa oao onOUy
opplloA oaA olootla voaoiog’ nooH bo ^in^MiA foo grantor 
aloiootlaaa than by the ooaoOL ortho*. It ooo alaaloAod that tho
festoon MiohLao eel at a ^^Otoaa^oA ortoooloa» oaA tho mmol 
ortbod nith ooVtolM lfeltstocMa, oaso ootlsfootoop, taOba1caao for 
Moooering tho alaotli valalaoy o^ faOUt fobrioo.
Tha anthov ooMlA oot flirt oooh aoih on tho vsioiisiqr
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hotafVtaw cf belkof yam# mA TChuioe knitted ftm UMm BBoo<werf
lh«%o «m «m popur abiOh dmlt wth vowwwgr LtioWe— c^ fhleo 
Hot nylon joumi. lu thio ao rttatW on mto to
stxAgr taw wtfwO c^ ocah txotOxlioB wwitahlox os rotting looxaurtonoi 
aoaunt cf tWot roA tueauurtoring on lha Moowmr loburtoox cf jaunt 
to the IM* farm Turtle worn puaraxmar co Aaa taotiw loaoU# tomtom
Wth o 0*10X0110001 xyuxd cf SO au*/iolo* Ifcr odjootnout c^ tho
onuomUiu* noma odBtuUUin the «xao#4toal' it nos foxxd yurolblo lo 
oSka lha oauia hixil oomama ut X)00 go Xoa# ■ lo it moo oat pooulMr
lo rumour thu uxour-herl ot axon OcnUl, it oar muxooaul ut thu laoxet 
fooWOla Xaol c^ SO fn* aqfOXuUooU to 0*00397 un./lOoXn ArOk
■guaiom our una)mnoU lo bbwm ovoXao af XoniLt# out anLamia#, llaoa 
uxooatox af aook uxaowuoy Lulug oaOouUntad ns fnOlunxi 
(I) 1X1 egrOLoo uiqnooool oo 1000x01010 of lLo Hoot agXov XKimioc
tho pcOUOw of tho 0X0*0 bUoL oxo boLOm SO 9* load.
(ii) Pam outage took rooomuy TLa oooh ooaoocutlrx cgeOo lu ihx 
ooauaX 0X11 too tho toWlci oT tax uauxo toon to lha rooownv 
Xcul of SO #0*
(iii) MOXO uxoxx ot tax Tiext Oaoaiiog unl tax lost oooowaqr name 
were noopQTod •
The poltooo of tho oooolto lodlootod that aook oeocnriop
dlfTmoi tarn cgrolo to ayOlo ood oooooOog to tho mothol  ky ohiob tho
/osm ooa fttDiooood ood aftor aoooml qyalM tho ouploo hod ad
rooohod o otoblo ooWitiooi Tho aooaot of rlHDDeaoy ag^^d to
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InaattM wLth tho iMoroaeod taaporetmo of poaoeowLog, eaggoOtiog 
that s dogroo af host oOttUg playa am lMooNtaSt port Ia datawOLelog 
tho coaevoiy of tho pscoo*
Tha colatJOeuhlp botoaae weak roxaveny asd dogvoa of pre* 
txnaleslog ooa nO oa veil doflood, hot tho trosd appeared te ho ono 
ef laoiaenad rosacway with luereoaod protoaslOaAeg Froaimhlp lf
tho asomnt af proteoslooimg eeeaadad tha alsatlo Halt Of tho 
rieoaaaad part to aenh as anoat ee to etaoe Otiololag of thot pace, 
than tho 001x01 o^ 100010x7 af tho pocs would ho codMOI.
Aha rwtotJOoahlp hakvaas ink coaevskp end talat Mhoeed o 
trndoeap fir isurasaad loaoaocy Wth laaNoaend talat, hut wnmliex 
tWatMg dletortod tha pact aMdOp ehlah moUtW lo o cadaeod eaaaut 
af laoeTaxp lo tha couOLtnot taatucod para.
BaMdn end fLotolaoNt ia thWr atmtp of tho psfortlxo of 
atiwtoh fehciaa, oaeaerod tho coaaroop ha^uvLoor af otretdfc plain 
fnhrlaa ftaa BoIoaml, fLMffLiM, BeBiou, Stretoh end CWnULa panel. 
They ottMptad to ooaNoiata cseomy wltO atltoh loath of tharo 
fhbrloa end fonM that lt dootooood slightly for tho oladkoo fhhclio. 
It eta oloo Shown thot tho reoevacy of fehrleo fion ftllaklo pome 
om IMcwCLmt te thot of other Otiateh pome.
 fl oil * a
8IAI3U&-1
5.1 MO«rhil«
5.3 UMMUMMU l *f OmU« Himwniy
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The parao nood for toOLtUi# vorLOoae oonploo lu ihlo ololp ore
OLoex lu tohlo (H). ftrtxp rigidity cf iho puBO wax dotooelued Ly
RATRA Orioy-rtglALtp' teeter*®. in udtlilm lo iho pnuo ehool lu
lohlo (n)t 64'o guU^;Lly| 1/24*0 wedl («cmtaA gpan) y<arn woo aloe 
moot.
lei oia fabrleo ooro protaooA traa omul leaioro of altt-
TLLUnxai oyl<a parne ao ohoea ir tahlo (21) hmikod Ly TUlao ielei 
unl oiaTfor Loot mldoUi. Thay varied lu moAur ef fliumrto»
doULor peer TileaoBti otiuy rigidity Oto. Sane c^ throo pa^ia ooro
rleo nood iu taolttln# half euWUgoo fahrioo. lei rib and LHf
ourdlgon fnhrloo wnro aloo taUHtcd from 2/24*o wool panto. AH iho
kmiiln# an* mb n DOiruroai Pooor Mat ksdilLUs moOLiooi kooH 
oiltch mxm oOliLUgo tad other xottlugo eooOtuot io miOUuiao tho 
lof^ttioeo of tamiiin# varlohloa. DeMaio cf tho aoMbixo Loro already
boon gloom in Cmopioi 2. Tho roonliunt fahrioo wore flaldwd Ly the
fellceum# throo prooMUMooi
(1) BetiuBtlcii in ut era, uxlo# iho lower Ltd of n HOffuou prroo. The
fthrleo wore xianaed for loo mauBiooi lowor bod (omfooo) 
ixupenuiuro 1011# D5®^.
(2) Wot raLUoutiOm ut 45*0 for 20 mLmteo wLith aloo ogUatLOa. Tfclo
woo curled om lu u pudULo dyoLn# buOLIbo on thul iho nooMxaxy
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(3) tder tueUMg at 90*C for 15 Mintee using s nodlfliA Bum* 
Tkoblnlr' Rosanio aetor wnu noting ee s lvhrloest io vat
oOLeratloo, the tnop«rotaro coqiOirod ano loves ia thst onoo tloa 
whan the agitation oeo eucrlad out im sir eo io dry tumbling.
?thlM(22) sad (23) ahev tho Mot of 4^^100 mood slows wth 
their phfWoSL euOLyawo. Ao la eoea torn tha kahloe oooh fhhoio 
arms owOLlehlo is lta four different otetoo eooWLy, grwige, okaari 
leluxod, oat iwLSxad, nod dry tonhlod for roeovosy dMnmLOatlenw. 
FhyOiUiaL oneoomuoate of 100x100 owro Mdo after oepdltlinlag tho 
fubrlea umdios itoedscd 0100X201X0 fir 24 hearo and eaoh onlew for 
oomieoo, ealoo emd length ef yorn per etltoh copcwoeot en average ef 
10 caadloge.
Ax hoa boom aimed ia tho lakcednwklaa end onrvay Htesatore 
o nnmhei ef oothodo have boos enployod fer tho soeoucoaaot of Slwetio 
roeevoiqi of flmao, yoreo end fnhrlaw. heat ef thaoa Artbada colata
to tho oanwuiwaemt tf coaaves? bOhorteer ef aormvoniaoUL fibres wed 
fobrloo ftae then. VUHlot et ol.tt heva dwowclbed ono epparntso
teda lu tho Ceue Xebaratoqy for eosauNeooat of olowlio prapnrkiow of 
atretoh vnvoe febrlno. Tha otratoh terter in o pwitshLo tahlo
esdel vhlnh hold© alx osaploo» lt lw oupoatf sf a plotfom with
too vortloel womevka fer s trooevoceo loon with alx wenpLa hengoro.
Six pillxer-zratehok dtvioea era eosmtud in tho plotilrm under thw
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n 12 2 Greta# 10.9 23.4 291
M 12 2 1B 21.6 ?c.0 243
M 12 2 r» 2%0 27.0 249
» 12 2 UT 25.0 ?8.0 242
12 9 Gjrsl Km 22.1 27.2 249
# 12 5 1t 2*. 2f.6 250
12 3 W2 2f>. 25." 236
w 12 3 ire 29.4 26.6 240
* 12 4 Groife 23.4 24.7 241
w 12 4 38 24.0 25.0 242
* 12 4 #8 2%6 2%8 238
M 12 4 D? 2^0 26.0 241
M 12 5 OrelR# 24.9 22.6 238
• 12 5 38 29." 2%0 238
* 12 5 *3 • 29.5 29.3 234
M 12 9 9T 26.3 •9.0 237
2t 1%R 3 taeige 22.4 2^.9 241
# 19.8 3 18 22.® 27.1 239
« 19.6 3 #» r?.9 2%7 2*3
W 12.8 3 8? 28. 2 .0 230







*3 t«te 0 w !C'ol
4 n.a 3 Oroide 23.5 2%5 295
3 :n 23.5 27.0 226
1' 51*8 5 sat 2f.9 27.fi 223
31.3 3 tft 3*.' 27.0 224
51.B 4 Giwig. -A 4» #fe‘ ?• 24.fi 227
31.8 4 *S 26.1 25.fi 23"
1 31.a 4 VT? 28.fi 26.2 225
1 51*o 4 29. 26.0 226
5 27.fi 5 21.5 2©. 1 241
27.fi 3 £>Sit 22.fi 2P.fi
sr.fi 3 ir 27.0 26. 2J2
27.< 9 TT 2’.? 2^.0 2*«
27.fi 4 «• 71.fi 76.7 244
27.fi 4 33 22.1 27.4 239
27.fi 4 rw Sfi.o 26.2 274
27.6 4 w 27. Tfi.O ?«9
   
?AFI 23.












c w icon f
1x1 rib ti 13 6 Cre<#e 27.0 20.4 224
1x1 rib Tl 1J 6 1H 24.0 30.0 224
1 x 1 rib T1 13 6 ww 2%2 26. q 223
1 X 1 rib 71 13 6 DT 26.1 20.1 221
1x1 rib 71 15 8 Gmodge • - •
1x1 rib 71 13 6 3R - • -
1x1 rib 71 13 6 a - - -
1 x 1 rib Tl 13 6 3? 4H' - •
1x1 rib 73 16 4 Oiwiew 23.9 24.6 241
1 x 1 rib TJ 16 4 3B 25.6 25.4 241
1 X 1 rib 73 16 4 WP 25.6 25<0 240
1 x 1 rib 75 4 irf 27.0 26.0 239
1x1 Tib 72 16 3 Om 1re 21.0 26.0 249
1x1 rib 72 16 5 IF 2 o.2 26.3 251
1 X 1 Tib 72 16 3 WP 24.0 2S.2 250
1x1 rib T2 16 3 D? 2%O 26.0 249
P.K W —16— 3 Use* re X • ' 2*7
».C. 7? - 16 5 3F 17.0 17.6 243
H. C. 72 16 3 w 1P.5 17.1 240
n.c. 72 16 3 B7 20.C 1R.O 238
1 x 1 rib 2/ 24 »w fpcol 2 Cswlge 17.2 27.0 277
1x1 rib 2/24 * wool 2 3R 17.4 21.0 275
1xl rib 2/'24 ’a wool 2 Wl 16.9 21.5 275














S*C. 2/24*s wol 2 Grolge 1%0 16.0 276
'•C. 2/24 H wool 2 7H 15.3 15.0 mn
7UC. 2/24’s wool 2 FP ' 15.6 15.1 276
r#c* 2/24 *a oofl 2 ST 15.0 15.0 274
1*4.
A lent atrip, 2.5 v 15 iMhoa With two bench nuke 10 indiaa spirt;, 
le neontad oa a tad huefos at the top of the appunOhia. A f«w 
peaud vadght la than elaaped to a dead pin allppad thnouigh tha 
bettcn aaaa of tha opoeinae* Tha opoelnoa la thaa arnroloed by 
cgrOlng three men between aero anA ferns penado at approxbirtelj 5 
oaaeeda par eydn. Tha inoaeaoa in apaalnan length nt tha baaah
nuek la nMaoered Wthln 10 oeeonlo after application af tha fourth 
till laad. Tha ontlrn load la than renewed olewly and tha open
length la again awMoasod after JO aaoeada. The laoronoa la open 
length lo converted to par oerrtt. atnotch and par aent. growth.
Kaaton and anth?*® have daeerlbod three rnrthoda Which ana bn 
uppltyed for nwan:r.n< the olaotlo propartiaa of etnoteh fahrloa. 
ApjNuatae for too of thooe three nOtheda are eern^o^^^ uwniede 
and are nuScrted by John Seath-Coat arni Co. Ltd* These thane
nOtheda are deeaslbad, briefly aa arteri
(1) The rnola of febrlo taken la T lnehiw long In tho otrntoh 
dlnoMtlrn and la 3 Im&m Wido. Knob nuke arn dtnan ) Inohee
apart aad thn anaple la gripped in twe olanpe along the baaoh rnshn.
Tha lead la appLiod aarnertly by turning the handle an an thn heudLe la 
turand, thn oleupa eopanete and thn applied load In raeaidMd m tho 
opting balenae. Tho ontaanlou ln road ften thn pultlrn o^ thn
wiring oleape against thn eealn bW.lt lute tha nite of thn ^M^oane^, 
nhen thn p^dO^^^nad lend la reeerdod. On rulouon of thn loud,
rouldnul. elongation ear bo del onalne and honoe elastln sooeeogy
eVtiaated.
(ii) The avdlahlo etroteh ia eovoa lelmro Wear ihteioa may be 
dot<emlmod om the 4ya^i^'Ce^«einr> The ramie With heath mutho 10
imehee apart Lm the otratoh diroortOm ead 2#J Woohoo WLde in neou^ed 
he^oon the tee elempM The load ie applied hy tormta# the handle
aad thle allmo the ao^^^^e jm te travel alomy the geido anilo*
The atOmelon ef the fhbrio la oeoeored an the attached eoalo When 
a pradotoarimad load la applied, either ^^meiia^^ or after ponied 
of op to 24 heart* The a^i^i^^ven^^e ^araiea my he mHaeared 
When the ornaplo heo beer rolrnaed fam the load* Thee the eleetle 
rooovozy from art arei om aader known load ooald he maeared*
(ill) la thle method aao la mde of the Bee X? 4 ImpOlaod plena 
tetter ia Which a lead ie applied at oonrteat cate, amd ae the load 
emrlago movie aloag the tranko, the lead ameniVlon hytteoWrto 
corvW ie roeordod autan^^^l^Sllyr Thle method hae alee hem
deocrlhod hy flctdhor amd WTaeeOU^#
im the praaoat WOtk the taoiOLle doetio raoarmy of fhhrloo 
wee mammed am am Xmftaoa toaelle teeter e^pnylmg a oowOtom sate 
of oat moi cm end rotnotOrn* rj^oeei^^1** ham rnooneo^^dad thle
mrthod ae the meet eultohlo for aocnmlao olnotlo rornovaey propmrtleo 
af hdt ftohrleo*
Figaro (67) illmrtratoe a typical tract* Thle method deale






67. Izoic-il lo id-extension trace for 
elastic recovery aeasurei.ients.
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glrm tba l«mV/*t«rnl.Qn ocurro <M« fhe fabric ia halt al tbla
wrtoul.oi fw a givaa lima taring abioa aiaaaa raUaaxtlm AB oacara* 
Tta navaabla jaa af iba laairaa ia ihaa valaraad lo ii» inlllal 
faalliaa ooa sha fbaaie raaavamy i) la •saaaA aut. fka atimia. 
valaa alun aaao alraaa io raaabai la raiaaaai ta aa lAa lwnadiota 
raocvwQy 10# 2fca jaw la kag,l o1 aara fax oooo lima aLJlka furlbar
faaava%y JD takaa plana, abaca D la lha aaagiaaaiaa af tba taaaa fa# 
lha aaal laai ayala.
Za**&iala alaatio xaawvmy la thaa givaa far
-IL < 200 ( £ )
LO
am# iwmaiiaia plat ialoyw# ranawry la flmar. by
~KL « 10» ( 0 )
10
ahara U) oooOloto af aa initial roaovauy W ooA a Aolayud raonrayy 0B» 
Tba lauoilu oiaatla oaoovaur af oil lha fabaiaa ma aoaoarad
fboa axtouullea of Xf Io MA la alupo af SA in a otaonOaiiA aloMBpbaiu, 
l *u. 6gA S.H* aoA 20% • thoun oatiooULaaa oaau ohoauo boomoo
varloon aalbaaa torn ohaua that utuulab fOMioa iurlau tbnio oonaol 
noun Ufa burn lo naat axtraUoo ooQUliioo<»ata of a# la 50## it
boa boon ontoA that aboo tba oaaa ora ULft<A oburu tbo baud, tbo 
akin oo tbo booan back atrotebnu fooa mUUot banting tbo
olbouu or bnoaa onuaua iba okLo la atioloh by an ounb an 4)0^«
Xbaa ta pranda tbo noaror of tbu oonaml vilb oonfort and fbauirn
auA uloo to hoop tbo initial obopa af tbu gaci » btOkit lo utiatob
Hi.
-at bu fr— )9*40® for spelts waann BsSt**® In His paper toon finn
lsrrlo of boA (uneletbad) wxlrnaXn as fnilmnu








Batating this data te f—ea and aa-aditfslng aaanel fa—r
flt» it la tfcMft that — bo*y v111 AaaaaA abon! 1JFVP alal—n 
animalon In tha Bun/aaat dinuatjnn. 2n aadau tu anania hfh
aaafo—a^la nf u gaernnn, anrrity ftoteun nuat bu bmt into tha 
fnhrla* —pari— has ahean that f—e alcM-lan potnattal ahoeld
ha lu thu range JD-19# ta aunnnu fully that thn fahrLn nantu all tha 
ne^WnalM—a lu vnav. In ahl-waar tha al—tlau ltaedr ta hu
aaaaarntnued varied fhau 49A te 6eU# aneh auta^Laa fnqallaaanta 
have aloe haou feetad hy ttlan*®*
font aa^olonaa of fhonlan nhoat 16 cn In length vara al—tod 
hotwnan thu Jena nf thn Inatra nn nt u anaga length of 10 aa* 
Cantata aoskavn daaiinatn thn uan nf anan ueQUt In po^oantoala* tha 
npontaan prior te alanping ta thn Jaaau Thorn lu nUaa tha pnartiou 
of hand taMO-tag hat thla naaulta In an el—tlrn ef u an-lnai 
dogran, dopaadtag wpow tha epnretor. fhua pa-in—ng nau net
oayXoynd ta tha prosant rn»sk haonoao tension er pra-lnudlaa aond
oaaae distortlan af thn aanpn aad n roaultant lnan In fnhrla
166.
dougetian. Tiib •«s«Oih#aA spood ma aaiJKCeJmiA at 10 om'ikim
Tho ihtele opmlttm was minaLed to ths pradstacalnod eatem, holA at 
this oxtoualon fox JO neo. fox sixmos roloxotloo to ooouv oad thm 
rotunoA to tho initial gnago length. Tho tlOa ollovod for rottvog
wet oao olxmlo. The## tbe oonUtloao vox# mtOhliohed hgr son/tag
out ea auaXLliozy oaptrlmonfe io «hlch ths lbos of stress roOmatiaa 
and xoocvsxy iorm varied. Also, it is kiwon^^’^ that ao Isog aa
tha eeadltloon of tha last oro kept ocoortmt onA oco kmoom tha 
mlntivo volute rosovojy WU he oarpomtlo* At the ead of the
raoovosy tmo the spooiooe v&s egmlA eiteoled to tho omo ortart, 
ond each fhbrio epnctom «m oubjeotol to five loading and rooovogy 
Cycle* hocxuna textiles ere seldom daolgmod tc Withstand o sita^o
stress oxplleatlon of high mopOtudo. The fahrleo lo jrnsioil orn
>
subjected tc e long assoc end dnrlog their life tier cxpoRLmaa a 
series of repeated etiosr applications end ronovelo. m It lo imO
suffloiont to know how the soOierfLel hoheves nftor single stress 
oppliootloo end It is therefore doolrshlo to study tha capsaAsObillty 
of stroew/vtrslB proportion exhibited hy me.^^lal foll^cvrm< oraUon! 
loading and tmlnodiAg A fmsh. 0100X3^ wor need for oaA Xaovoooo
in osto^iHan* From thn ayoHo curves obtained' olastls raoovosy
vsv colarlvtod for the first smd fourth qy^le^
 fmm jammaoa
a a MUJt xa
■mmo 4
6.1 Sfftwt 9t XMmeam In th* tafenr af mm
I
Kittu< m a aimm Femt* an thr 
6.U UmAo Baamuigr af MArtm
6.12 aM6NataAa ChuMMitinAMIONl of AA*
6.2 fffaat of DoNLar par Filaram af Tom on thr
Haotlo Bmooaiy of fobnlor
6.3 fact of Yun Uxiap Aig^idLty an Ur
6.J1 A>mUa Camay of FobAm
6.32 Lood-atmlA Chmandalatlm cf fabrloe
6.4 Cuarloon o^ 1 r 1 Ab NArloa lAtt A fham fAm
TAat ctHaped mA otuffaar Beai MUbod Term Ath 
roepoat to
6.41 AAAic Aeoavoy of I'abriir
6.42 WedLaAmm Chmtorlotam af Febrtije
6.9 Cammlaan of 1 z 1 Ab FebrUar Inltoad fham
A'Uffov Be* Alkad Tern# In the Longth (Ala) 
an Qmm Aaa (oamao) Ateartamai Ath rnepaet ta
6.51 Aaefcia IOaarr<My of Fateim
6.92 lead*Amla dhemafcolatiiM if FariAm
6.6 OomaeBLaoa of 1 %1 Ab aad hAf Oitdlgra latatLaa.
Ia tha 2Aa aad Caotaa via# Aroatamo Ath aaagaat ta 
6.A BAALc RasaTaxy of FNbAm













 6.7 OoomAimb of tho Aootlo ftMKmoy ftnqyuAoo of
1 %1 Ah om Bdf Gsddflgn. fool fabAoo Ath thooo




Two forms of tornHe olostio rvoovwiy vers ohloHotA for
on# oO of fohAos fam ogrllo loMlMg-wMoooiine oarvau 
T—-o<i»e olaotlo rsoowoiy wm coloalotA on tko ratio of cooovoa 
olnotlo ertonalrn token A tho lastoot nt WAoh onio asoio roloo 
wm rooohod, to totol eatiMi(M. TAA olootlo rnoowoiy woo
wrnoorA on donoAhA hy teov^t!kh0^ for fitran. ThLo total
Aontlo rooovagy oigr ho oonldorrA no tho eoa at ImAloto Aiaatia 
ronowniy nA dAeyA rooovniy or pAoaiy ornop.
Beaolta orn proarnOkA In a ooAoo bt tahlim nA gcepho for 
ioeodiietn Anotlo renowaiy nA totA rooovoay pl<AtA ogAnot per 
omA. AiAa. 8ow rtrw»-rtiodm oniwao for fnhriao, oanipOkA
KIom tho cgrllo loadlOgpoML<oAing ooiweo ora Ano lnAAA. Thn 
iMnaeooo bt voAooo fhAoro on Anotlo rooovniy A taAttA AhhA 
fhhAoo no lAU down in tho IntrodoAlcM WLH mow ho AononoA in thn 
light of tA rooAto obtalnA.
f—dar tn the
6.11 Bartik Hwmbk of TiKkAm
four fohAoe wnoro taAttA from fAee tAA oiiopA pylon yoiM
(VI) oolag 2,3,4 oA ) oMUo tAo oaoontlng to fAAon from 409»600, 
800 nA 1000 doAer yocMO* Tho peroontagn AruM opplA to tho 
fAAto weroao iwanUato nA totA roaovoiy hohnvlom KIom hyataranlo 
omwoi, iM the w&mAae dlroMtom ot v^ow ArouM lsvAo ora ohoom
170.
Ia flpuros 62(a) to 66(4) sM tablas 24(a) to 24(4) for fhbAss ia 
their graige, Assa aelssA, vA rulazed aad d^ tahaA stAaa.
In tha Agates, aaaalta srn preaaAA for tha fiaA qyola Weense in 
tha tables reaavsmy velaas arn Aeo ImSlAA fer tha fourth ogola.
It oan ba aaaa fam Figure 68(a) for tha gralga fsbAo thA 
an thn maMai of and imarnuae, there ia su iusraewe iu tha iauetlata 
AaAlo raaovoay up te about 4 sud nA n further iunnnaee ia tA 
naMbar ef end Athar paeAkeea oo AfaA (A lee stum lsvAe) er 
natuAly slightly Aeersaea tha raoarveay values (A high AmM larAa). 
Thin ia an^c^oA by tA fnA ttnt to tha aaaa A fabAoa Of leonr 
duAun, tha eAumdtog fornas arn aoAl aA thsrnfarn tA aaeovasy 
foieoo arn Aeo anti sA nay nt onplrtAy ovsriems tto fAttloa 
tlthM tA fabric shea it la lAeaeA flom AMa. Further, ia
fabAae, ymeue aao oUy sartraA to tA paint there tha orlop forene 
AthM the yarn arn AJeaiA by tha oppostog fornaa to the fsbrts 
Amo to p^imis fam tto adjaeett loops. The ti£rter tto fAAe
qieUlty, tA lass is the specs evAlshle for yuan oeUtsaAloa. Tha
tightness ef the fnbAo dgpsoia ou tA yum deter uA loop laagkh. 
Thao in tha ease of febrles-film flin eMs of 2/100/34 Antar yean (FI) 
(tAA deter 1000)# tA loop length ie 0.236 ia. su ew^rt Ath 
0.2)1 to., 0«24) A. sA 0.S41 A. for fAAea fan 400 600 sA 000 
dntar auepartlvely. Than n tight fabAo ia aAaasA fan aAiuAim,
tA dtotortA loeas will Aao to smart onusa canola preasars np<f* 















Fig.6'--(a). Fffec: of increase in the nuaoer of ends
: nitting at a single feeder on the elastic recovery
















. Effect of increase in the nu ;be 
at a sin-le feeder on the elastic 
of rabrics (stra . relaxed).
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ig. 63(c). Effect of Increase ' n the nu. loer of enns 
.lifting at a single feeder on ohe elastic recovery
of fabrics (wet relaxed).
 ?/ 1 OO/ 5i| ’ a Lse
I.EX
T.E.R.
r.'ijt ci?imped yarn (?1 )
0 ends
►— 3 ends 





















10 20 30 40 40
STRAIN (percent)
Fig.68 (d) . JiTec'; of increase in the nu .oe? or endo
hr4 at a single feeder on the elast c recovery
of f lories (dry tumbled).
theta nalaaA miny unl Otaannloa. As loop art setup forao
ttaraurla< Hoopem to the orlgiAal fobvto ahapa wlll be opposed bp 
toatooMl f<mw rtthta tha yam sad odjAaoefc loopw aad it la 
raeeosfclo to esasao that thaaa terti-oMl farcse will be leva* Im
ooaa of fhbrtos of hlgbev dealawi
Aera lo aa lamasa Im the l—adHeta startle roooraay with 
taarcaaa Ia per eart. strata (fig. 66(a). dealsh aad bikoiV^O also
obeorrad aa laonaM la lrnaadtata atartlo reoorosy at eeqr low 
atreaa aalaoa for aploa, type 300» aad soaa otbar fl^bur Imiliiidlag 
pol/atbpleaa aad ▼tapm. Staas raooaary tawtw sore parfoeaad at a
orntant rata o^ 1*1*01^ aad ratrasttaa, It la erldeat that tOra 
taser strata mlaow leaw ttaa raw pamitted for rseopaay aad benoa 
tha loser raaaltart vataaaw la the prassat serkw ^oeaery behaviour
of fboriaa waw aarnlartsd froa •x^^u^ouu of ap to JO par ortt. Op
to thta lerll ao daaraaea la tarnadlata alaatlo racoperp la otesrpod 
for map fabrio teated. If tha tsate aara psrforaad for 
baTort 50^» lt ta ltasly WAt a dasraasa sould hars baea obeamd
F
beoaeaa la that saaa ths of tha fabMs voald hapw bsea
predoaLuart aa pppoaad to tha ttas fsstor for loaar atr^^w
fleara 6a(a) atao ahoaa total atartia rsoopary platted voraas 
per amt. rtrata. Fb fabriea fVaa 400»6oO aad 000 dealer tha
startis r^^rs^ at KW e»taueieu ls alaost ldmtlsal bat tha made of 
deeraaas Wth laa^Maa la autaueiau le aaoh a*m la oaaa of 
of 400 sad 600 dealer sad tha eurvsu for thaw fhbrlaa tead to ftatto
17%
out bepoad 309 •atenaloa aad oALbit oLalum total OLoatla roooroor> 
fabrloo fxoo 600 deOLer pam (4 eade Ot P/lOO/34) glree the oaxleoo 
total elootle reo-eeeip oo It aleo molted la oerLaoa looedlote 
reowrerp- Reoeeery feehartour of MtrLo foon 1000 dealer yam
appears to be Ladepeadeat of l^<ere^ la eOteoeioo bat at lor etxala 
ealaee* lta reooreey Le for Leoe ornpand with fabalm free yame op 
to 600 dealer* fletoher aad GIboxvI20 la aeoeialay the laflMOM
of the auObor of ooioreee per laoh oa the fabrlo aloetlo nooT«sy, 
foaod that ploLa fObrlee toOLttad iron eeatLOoooe fllmmt eplon para 
were mere eloetLe wheo k/OLtted with 64 ooaroe per lneh thaa rtth 
40 oooreee per loA* for the erne aaohLoe emtloy, wheo the dealer
of the para Lo ehomed lt wOLd roiOLt la the porlotloo of the amber 
of eoama, a higher dealer Leodlog to oo Laexeaeed eoaber of oearoe* 
la the proem eooe, ehoaglBg deOLer fto» 400 to 1000 gore wurlatloo 
la emoreM par laoh from 19>9 to 24*9* Thee lt eoa be dald thot ln
eaee of fhbrloe lm whLoh good reooreip fam •at•a•loa Lo highly 
doalroble, lt Le aeroeorp that a proper ••ImUoo ef the yarn deOLer 
aad Loop leogth ef the fobrle be mde wth ropeot to the geege of the 
oaotUfc
The Laftuewe of tme footer eo delayed rooweey oao be emo 
fern Flgore 60(a)* for Light fobrloo at lew otrolno, delayed
roorop Le oa oooh aa 50# of the totol reooweoy* With the lmereoee
ln etroLa the delayed reeowepp beeoaee emHer oe wodd be eopeeted 
beeoaee of the feet thot the Looedlote hloatLe reooreep Lo ollghtly
higher for theee etndLaa me e greater tae le given, dee to the 
tnerraree of the heed to return to eero otrrnda. Thue tarleg the
oao niaate Wdoh le all<wed after oo^ltrto reaowel of the load, only 
orniMl adOLtlonal laoreaeoe la recovery oorner for hlgMr ertnoLoea.
&e effect of the ^IUnw^Ioo prooeeeee on the elaetlo 
veoovery of fabrloe fwa 2,3,4 end ) cade of falee twtet ayl<m 
yarn (Fl) oaa he eeea fun Flgevee 68(e) to 68(d). The lnflionoe
of the amber of enda ae obeovred for fhbvioe ln grelge etate 
dleappeare after theee prooeeeee. Tide le porhapo dee te the
«oa»QUcdMtloa of the febvio etiwotave ae a ooiMelieable aaoaat of 
loop oollagce tehee place after finlMlng theee fabrloe. Farther
ffVdaaoe to thle effect la provided by the lighter fabrloe (thorn 
400 aad 600 dealer yavno) elnoe oroeidarable laprovenent ln dlaetlo 
rmreuqri partionarly lnaedlate eiae^ ^en'reiey, le lOeerved for 
theee fabrim after finishing.
OonpaV^eoa of the pvneeeoa wodd rwreal that
whwreea et eaa end wet relrned fabrloe ehow aa laeroaoo la laMdlito 
elaetle veoovoey with lnoreaee ia per omt. e^ia^, the eaae la not 
the eaee With dry twahled fabrlee la Whloh oaae there la a narked 
deoreaee la laaedlate elaetle reeovevy with lanvme la per mt. 
etvala. Atirthor, at low etia^ae dry twabled f*brlo lo auoh
enp«rlor la lte veoovoiy bW^iVLornr than ateaa and wet velrned fhbrloe 
and that tho delayed veoovovloo ave higher for the latter two otatee 
of fabrio. BOt Wnea total elaetle veoevoey le ooaeldared, lt le eaen
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that for stuff aad wet nleisd fabric th«ru lu u gnlwU fail with 
lacratau iu pur oo^t, strain and biomd 3Q> wtuuuion the ourrsu lersl 
oat* Qu tha other hand, dxy ttubled fibrin ohof mlaout u linear 
daoiuaee in its Huetiu rsoaraxy with inetauea in strain. than a
fuhrle la dry twaieU9it ooUflyattu more than Wien it lu at utc or w<rt 
raluxsd and aa u team lt leva1apol wiri balk. lt has been reported^!) 
that uu ths hulk iaorttmof, fubtlo xxuvuey buareaa poor, Oh dry tO)
taufcling fUbrlo, u greutar* uuount of yarn and filUuent entonglanuut 
ruuUlte wMnh w&Uld loud to greater fd.oticuul fsraea hindering 
ruaawelr,'. In tha ouue of ateun und wet relaxed fuhrlou tha Cp,o(e z> k c)
fTiotionnl foroeu will bs uuah laau bsaanaa of u lower uaourt of 
aa^^gpLa^’U^'t aad also during thass prousties and partlau’1utly during 
at out volantlaa, udheulan of tha Individual filaments take pluaa and 
ths yarn uppuurw aw if it were oa-ntlnuoua auaofnumuut yam and aauttta 
sf this f motor, ths futria bulk le lowm, Com<ata* ^l^gutsu 68(h) to
68(d) would lnliauf that flalehlng doet looruta fabric resovury but 
between ths thras ptoesstse need it la rather dlfflenlt to uUtublluh 
dlffcrnoitt thoug}i their behnvloer in tha low tad high strula ruuiua lu 
ueaewtaU different.
The lafliuooe ef rapeutal o^illai ot bluttlu tenTery behurlow 
oua ba ussu from relate in tablet 24 (u) to 24 (d). Thau trim uftar
fire t^eesatlra Ufo^lo loui^gu tad unleudlnju u euMt^<u^^hla taawA 
of moreiy it praeent, thowgb there lu u uigulflcent dlffsansa ia 
te^rsry after ths flrut oyds when co^^ursd wth rulaeu for tha fourth
 (c) Wet relaxed (d) Dry tumbled
frlate 2. Photomicrographs ef yarns extracted from the
fabrics knitted from 2/70/34 false twist crimped
yarn.
agrle lt geaestL, thmrc is a drop of abort 10# la oLurtlo rouvny
after the fourth eyaOe.
Rowemif frcw t pimjUsSL itnud-poist it la not smfmLrnt 
that the fabric vaoavezy coly rOotld be gcci. Ohcr faotovs stA as
balk, havdls» drape sad ease of oxtsuthility rtll also have to bo 
takes into oo^rnl^i^i^t^oa sad seapmSLaa msdo when fLtLshLlsg tOaao 
fabriaa film balked sylou. lt is pertiuant at this stage to studjr 
the l^-’Otrmla OohaTLcmr of the fabrics so fez Ussssscd.
Ths meobstlsa by whLch the ertetSLcm of 1 x 1 rib fibrin 
takes plsee hae oesa oKplaLaod by boyle^ aud mors issi^^^ by 
atrfltt^^t. Oojlo states that la tho lrttlsl stagoo sf extAaLom
(sey ap to 90^) the load la trtem up prLaodpally by OeuUag aid 
twlotlag maples la the yarm aad MLetlaal sormtxrSuta at the polrt 
of isterssstlos of ths loops. Shia the msVL—n adjisutarot of the
Wqpe of ths loop has Ossa mSLst slds-wsys oomPi»alla of the yum . 
lu adjacent loops sud ootULsg late high lalwatwrl sates the Load 
to riss mere rapidly# flurtly ths load is traMsfsrrsd mes dLreotly
aa tetalou to ths yarn along its axis.
dsoorUag to hSif tt^-^ ex^^k^om of 1x1 rib fhOrlo proomds 
Oy asTerm dlfferest amhsaimsi the rotation of ths snss-UMka, the 
sportag of the lupe, ths stvsightmiag sf ths irnss^llSAs, the 
withdraws, of the yarn from ths face loops late ths UiAul, oonanssiem 
at ysrm Irterarotlons to rateo oarwitiurs and finally ysrm extrnilom.
170.
Thmi, ln aotnnl noo, thooo dlfformi a«OMloilao oomeOlnoo operoto 
together VO rtwora there lo gredoOL trnnoltlon ftoo one made ef 
eK^eo to the neaft* A rery high end rory ier crtenoiene, it
aey be possible to eotebLieh the meem by nhieh extenaion tehee 
pIhhh end relete it im teomi ef the pxooortiea ef the yexA end the 
geonntzy of the fmir.e»
lm phHhs, how^sr, fsbrieo ere seldom nctrndid beyond 
y# amd the 1^01X1^1 seliOKiea below thio polmt ere therefore of 
lmtrn^^li, dimple ruado■talU mures for mi rib mwbrlos m the
greige, steam, end dry tanked otetee fPom 2,/l00/94 SCAB mioe
twiet oylm yMm (fl) ere ^rprod^^ lm f^m^^o 69(e) to 69(d), 
Asse flbrioe dlffir im kmttmg atlfflieio (i,e, irngth yeim
per loop) m a reom.t ef • eheoge Lo the metor ef hUi uhHL lm 
kmttmg, thle being m etaag• im ymm demm, The range Lo
eorered fra m fairly tight to m Lohhh eeMlirmtiom end they wm 
•mjjeeted to the seme wdmM ef otzeLta, Mt«eLl<m of them
otzootmrea LarolwN m •em^^L^^^im of bending, twietmg, •on^roooLmg 
end olidlng of the pum. lm the Leoeer otaautaru there lo more
apeoe for moroMm end hemos they ere mow emUy
dufrra•d• H>r tlhtt Ibbsees , hes dtte^Exuee m hhe lodd required
to at rut eh to ony girun erteat, partl«mLarlp at high otrolno, lo 
rury high* leMmae them tight tobrLeu ore mOLs higher
daOLer pwm, their Hmml eod ^^em^ rigidities will be high,
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kaovn^ that Ambling the dlauater alone effectively lMNreaBe the 
ntjmgth im ortenelim iQr foer tlee. Ihithar, elth an Ibuiuobu
im the mlbr ef amda a greater fTtiktllmal foree will need to be 
overoooe in extcaalen. Those fheta WH aoeoent far the
ALveogemee ef the load-etrelB cesvee at higher etrnln valnea. It
la alia ahoem im ngerne &(a) to 69(A) that a emUer load ie 
segslzeA to stietah a fahrie im the feerth egde them im the flrnt 
nyde*
The effect of fimiehlng proeeeeee om the load-etnH 
behaviour ef fabrlee la more dearly eeea from Mgere (70) in ehleh 
the load required to art and lsl rib fabrlee kdtted from 3 uwAu ef 
fdee telat ayl<m yarm (fl) Io plotted agalmet per suhI. etrnta. 
nuee eerne are ehoem for the flrnt ode ef ntcMioa. It dll 
be eeea that the load reqnllud to etreteh etean aad vet relaxed 
fabrlee far may given extemalom la leee them that for the fhbrle in 
the grelge etatet vhemae there appeare little dlffermee betveom 
grelge ami dry tainbled fhbrlee. Aough flgere (70) ie for fabrloe
mde frem 3 ends ef yarn (fl), etady of the figaroe 69(a) to 69(d) 
wooing the effeet ef an lmureaua in the aodwr ef eade knitted 
eeBU iuddMU that the trod ahonm la flgere (70) eeuld deo be 
ehpnoted to happen to fabrlee nde form 2# 4 and ) ende
Tflermta aad Ko^^^3* etedled the effeet ef atean and diq 
heat eettlng ef mloa 6 fibre* it vae observed that vhei eumMuaaA
dth dry heat eettlig#, et«em eettlig dee^aaeed the Ymng'e modulus
 LO
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Rig. 70. Rflect of finish' ng treat nents on load- 





aal tulle of the fibre. Tho phmmm le ottilhvited
to tho feeiooeiM ehoogee la the flhro structures 
(a) a deereaee In the ergettettne eeientatOa# enA (b) hyde^OjneLe 
ef the polyrnr aoleeneee er the deereaee la lyddnfea beading la the 
eneiphoae roglea. BLnee the eathore observed aa laweaee ta dault?
ead eq^iet^ieL^^ under emaULtloae euffioirnttly uvere to naee 
hydroevloi the phenomenon le attributed to the deereaee la by&reem 
bonding#
The hydrogen bonde enong polymer aeeeeeloe are affeeted dee 
te the lKletenle of eater aoeeoaeee et high tumpmture end ae the 
^^(naK^eeoa^or epaeee lanraeee, there le pemeatloa of eater aoeeodee 
tmoag the pelymr moleeueee* fhea nylon 6 lo cooled ogOLa, the
amlrphlue peart oheee a etate of looee peeking beoson reborndLag la 
Inhibited Igr the mletmee of eater woleeedee. oo
the omtorphoae paarte betnea eagratmULae uotlono ore ooft, even lf the 
degree ef ery^^^^^y laHreneee, lt nay be e^aeeeted that the lnaruuu 
of Youag'o nodaeue ond tenoUe otrength eodd not be oo eorge ao that 
of emreetailnlty'
farther evldeBoe to thle effeet lo alee provided by etody of 
the effeet ef eteon and dry heat eettlAg ef eyloa 6 oa dyeabieity of 
the fibre# lnereaeed dyeablUty roe obeerved for nylon 6 eteon net
fibred. Thle ana attributed not te the ^eer^eatat^on ef
eeyotolllteo bat te the e<oooe peeking of nylon mOLeoaeea la the
eaorphone region# The deereaeed dyoeblUty raeoetirng fhoa dry heot
17>.
■Hting le ettrltated tl a deereaee la eat eat of the aaorphoae region 
ucooapealed by an laureate of eqrrtiOLllalty and oioee peering. It
la aeiamed that the bonding of nylon noleealee after dry heat netting 
ie facilitated by the abeenee of eater eoleoriLee.
Thie le further eabbtairtlated by the reealte of the preeent 
study. la figure (70) the leads required to etsetoh dry tanbled
fhbrloe ore very Haller to theee for the grudge fabrlee bat a 
eonelderable drop la ehovn ln the load valuea for etean and vet 
reHaed fabrloe. An inepeetlen ef the reenite fw the etean
reUsed etate ahov that for any atraia up te 50^ there la a 30^ 
strength leee ahem oo^pored WLth the fabrlee ln their grelge etate.
The la due puaBtly to the reliautien ef the fabrlo etnetare ehleh 
ooum an inereaee In the eottreee pear lneh but the were likely reaeon 
appears to He ln the feet that the fibre atrength le redaoed. The 
reealte ef the etady ef etreae-atraln propurtlee of single flleaente 
entraoted fren fabrlee f^ihed by different trwtaeate eouflned 
thle. It vae found that etean end vet reluution t^^ntuente deereaMd 
the tenelle strength of the elngle flhnunte vhereae dry tmbliag 
reealted ln a alight Ine^nM In teneHe etrength vhen oon^^MPed vlth 
the etrength of the fmae eaq^e, thee ladlMetlAg eene zelatl<nMhlp 
between bnelo fibre propurtlee, fabrlee node f&m then and the 
flnl^ihi^Kg preeeeeee applied to thoee fhbrloe.
6.2 af P—1« nr Hl. 
•f faloriM
of Tam — the Portia 8.
1t l« grnrnHly bellead that th# Moovoey of a fhbrio le
100'
groOtly affected by tho filrnmt dorter ef the yam uawd, a higher 
fiUnsat dorter gULag a hAtur roasroxy^MilW* do ao saporr—ital
evideaoe erne ovuOULoblo to support thio vice. it oao AeeiAed to stalf 
tho offset o^ filaaaat dorter on noorny boheviaur ef rib fabric*. 
T/hrss yoroo i/W*) CO/(f5)i l/WM OTT/3P3> mA f/TO/M 0l»/(f4) 
of nearly the earn orlop rigiditlm nose oalootod and lxl rib fabrics 
krtttirt fees then under thu oornALtloao Aeoorlbed oamor.
Slastlo rueeroay of thouo fabrlee la the oalaOLoo ^^•^^Iou 
la plotted agaiant par otod. otrala and Lo Wuei la H^mree 71(a) to 
71(A) for grulgut otoon rodeoA# vet rulaxad and dry tonbisA otatsu. 
it la noted Hon thuou flgaroo that other things being sinHor# denAn 
par fltaieat does play a part la the elastic properties uf fabrics. 
/hura are eertala aaonaLloo e.g. thu grelge etatu fabrieo made fOon 
lever tartar per fl^iea^aRt yam give ferttur total Aaetls ouMoeoyi 
thia bOh^^o^ ouggoOtlng that the lower dorter fmment ia nao 
ooopoOt to ttal-lWMQVury offsets. /ho dlfforomeou are narked at
Iioi Aongstlin voinud bat at high AasgatlsNie they boeona vagy seAl. 
Agrtn fair fabrlou la thu Ary tontolal state there la oo clear ladlantlos 
aa to the role ployud by dorter per fiiamnt of yarn. Anew dm 
lulling noy be eunULAsrsd tho nuat effective rolaaatlon troMrinont 
for fabrieo fpsn MUisd oyis^t thie could engpeOk thA omao the 
fArls hae boss tbcreoug&y rAmert# their olaotlo reeooon’ieo would 
ainout bo tho earn iaraopootlvo o^ dAffaromoo ia fllmoat Aertelt
































0 --------------- 1-------------- 1-------------- 1-------------- '---------------«-
C 10 20 30 i]0 50
STR^N (percent)
iri<^-71'.a). Effect of denier per filanent of ya *n on






























300 20 30 I4O
STRAIN (percent)
50
2ig.73 (b). -ffect of denies per filament 03* yarn on















iLdeet oi’ denier ?er i’ila.-aent ol‘ yarn on















jig.71(d), Sfrect cf aenier per filament of yarn on
rne elastic recovery of fabrics (dry tu bled).
lai.
theee febdee fco th# flrot «#d the fourth opole #!<#& dth lood# 
xfilroL te etrotch thee ap te 50£ e^ei^isoosi.
The ehewe fmbrlee were eede hy kdttlng 3 wte o^ eaeh of 
2/70/20 (d.p.f. 3.5), 2/100/34 (d.p.f. 3) om t/V/Upt. 2) yame. 
Wieroae the oomomleen ef the fateice flea 2/70/20 ead 2/70/34 yeame 
1 e jmet^ifled, the eeee 1e not txee fear fmurtoe from 2/100/34 deds 
yeme daoe lm thle oaee the total dader amnontod to 600 a# oppoee4 
te 420 of the other two yame. lt wae themtfamh deoldd te halt
fhhrloe adae 4 ende o^ 2/70/20 and 2/70/34 denis yame #0 that the 
total dodor of theee fahrl^oe would he edqpane^^e« The elaoti^o
rcccragr data o^ theee fabrloe ore ladadad la tahlee 26(a) te 26 (d). 
The femurU. txoad ae cbner▼od la the oslls oaeee (21ge. 71(e) to 
71 (d) ) mil renda the eame ea^^^ng that alight ohaagoe la total 
daalox de not nlgdfl<oulnly affaot the damo hehediear of fahrloa.
The fahrloa #0 dleoueeed ware aid from wdoh varlod
la thdr flndcnt dads from 2 dads to 3 «5 dads. It wae
thought dodrahle to atndy fahrioe from yame la wdeh the rariLatCd 
of fiamst dads we largs. la ordor to do thle, Tamrdleed
yanrn, 1/205/34 (n) ud 1/150/50 (T3) mom aalMted «W 1d rib 
fabrickdtted adag 3 eade of 22 aad 4 ande of T3 #0 that the yam 
dodam rare ocm•aable• Tahloe 27(a) to 27(d) ahow the offoot of
flnMcnt dodor am the damo Domite the amts la
theee reealte. It will he notod that thore 1e ao ladl^aa^t^^ that the
hlghs the fiaaamt dodor, the halts 1e the fahrle reeewa^. Tde
qppMur* to ho time fox fahrioo la thoir grolgo, cton xoIukiA, wot 
roloxed and dry ta^hLod rtatoo. Ttaai, fox tho range of fllaamt
dardar otudlod, tho Initial aa well aa tho total ola^lo roaorasr dooo
mo aooa to ha xalatad to dauLor par fUuNRt of yam___ Wilat
fabrloa pxoducod flora yams bulked by the two differing methods ahov 
aone dlffexemoe in behaVLoiiui, there la little evidence to suggest that 




Qm of tho lmpotftnt wurahlao in hmkad yamo 1o tho 
aaouat of orlop latrahuMd aad io uaually moaaarod ln tomo of 
orlap rigidity. la order to aooooa how thio factor affoota tho
alaatlo roaowoay of kMtted fabrleo, 2/OW/34 (21,12 and 23} dartor 
falao tvlot mrlon yamo haWLag oxlap rlgldltlM of 3#, 39*44 ead
30«dP> euro em^red* lal rlh ^ahr^oo wore knitted froa theoo yamo
ead their elaatie rneowoay ia tho vjULovIoo dlxoKrtam wo deta^nert 
for the grulgo, ateaa relaxed, we ^B^xed aad dry tanbled atatoa of 
tho ftatarle*
Tho relm.ta axe pxeaeutod la Flgaroo 72(a) to 78(d) aad tabloo
20(a) to 20Vd)« la gumma., lt 1o oom fam thrno flgaum that ao
tho orlop rigidity o£ the yam 1o lawoased, them 1o an Imxouoo
10
Pig.72(a). E;feet of or imp rigidly 
elastic recovery of fabrics (-reige
cf the y m on the 

























Eig.72(b). Effect of crimp rigidity of yarn on the














Fig. 72(c). Effect of crimp rigidity of yarn on the
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AO J*
ia the initial elaetio nMwvery of the fahrle, hot febWoe froa yexae 
Wth 19*8# em J0«<e ortai rigidity waluee, give eoMwtet eHlor 
elartio ^oveiy h^Wtour In all flulihed mb! greige atetee whist 
the one wLth 12.0# eidd> rigidity value ehowe eligibly leer ^oa^nr^. 
When total eiaetie n«wovy ie eoaeldeneA, It will he mrted that the 
mori eerere ftWahlag oi^^o<^ee ialc^Vvldg yhreleal agltathm (wet 
lelnamto<m and dig tweblidg) aiaddlee the effeet of differing yard 
erlnp rigidltlei*
lt hae heea eaggeeted that the greater the aniwat of aridp 
ie a yarn, the d>re po^^rf^ the l«ecrely end tha art fell the hamtta* 
The yroeont malte wcnLd iadleate that thie ouHgirtloB le mo oomet, 
theee reeelte helag id agriemat Wth the W<w alyleelid hy fd^e 
lt ie bWlOTed that ae eneeoalvely high eridy rigidity wdee hidden 
reMovery dee to high iater-leey flricUcm wheh 1001x1110 the ^v^uum o^ 
the lee>e to their doraa etahle oadfugretlea after fobrle latidaiom.
The above eboerm^ima erggMt that it ie ieedWMble to me 
a high ardy rigidity yarn for febrile ia wthoh high llaitlc lacclMy 
io desirable* lt may ymAape ba possible to aaWava adoqaete
laeollly by nay tlUit knittidg bat thio mehd nadt ia mnuocMlnllJ 
haavy febrioo* The aaa af a medium eridy rigidity yan thalafela
crrelu m>re latitude ia thie mpcGt*
Tha i^^^l^a^^uee o^ fidiihiag prooeeooa ean ba aacn in table# 20(a) 
to 28(d). Thao, tbcngh aa inyrercucaU ia WaWii leeclily of fabriia 
ie obtaidid by thaea fldiohlag plccellel at low lavde of etraBi,
ACS^*
thooo difforomooe ere looo ma&od at loxda aboue 30 pox seat.
It ie reaoocMfel*# therefore, ta aooomo that oaao the fabrlo atmeturo 
haa boon allowed to rrtar or euaoOLldrt* ta ita groatoet extort, no 
utter wluat oothod, it waald exrtMt airtlaz oiaotie propetleo* Zt
war be noted floa table 28(d) that initial alaatie roooxezy raluteo far 
dig tamblod fhbrloo at low etiaito lordla (approximately op ta 10—) 
are fairly high*
6.32 hwd-nt«to awnwtirtrtlw
Tho iaflionoo of erimp rigidity of tho yarn em tha laod-etmto 
olhurartertetiae of fahrioo io ahoom to flgareo 73(a) to 73(d)* Thaaa
oarroo hare barn oomp^ad (ao deoaribod earlier) flam tho data 
obtatood flom byateroeia loupe roo oxdad far tho study af alaatia 
roaoxeey beharlwr ef fabrieo ap to y# omuOLeo oatrnoiim*
Figaro 73(a) xopraaante tho laad^xaim boharlomr of 1x1 rib fahrlo 
to ita greigo state* Zt io noted that a greater load io regained
ta otrotoh a fabrio ta any girem amort krtttod fam tho yaxm o^ 1#& 
ertop rigidity ao ooqpu^ with fabrieo fam 19.& emd 30a# asrimp 
rigidity yaraa. ALoo tho fabrioe from tho loot too yamo da mNt
differ greatly ia lood-otram ohon^<O^^1oot thoagh a slightly 
greater load le required to etxoteh a fabrio pzadmaod fam 30*8# 
oiimp rigidity yam*
Zt baa boon eagipaOtad to tho prexlwa oootian that a greater
aaouat of irtor-laap fHotim wodd ortat ae a roodt ef iatar-




Fig.73 (a). Lo^d-strain characterstl cs of fabrics





Fig.73(b). Load-strain cnaracterstics 
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Pig. 73(c). Load-strain characteristics of fabrics





Nig.73(d). Lan-strain chair act erstics oi iaor 




high wtap rigidity. Zt vuOLd, thexmfore, fbllov that oaoh fobxlM
moUd offer moa reotaOmoo ta tonsUo dofazomtiim ood ao mood a 
greater load to axtood to oay gixun owuurti Im odtltlm. to tblo, 
it wil bo mOtod flom table (ft) in OhaptMl (5) that tha oomiooo por 
Zaab to vWLoo por im- ratio ia highor fox fabrieo flom yaima of high 
ortap rigidity indioatiag that tha ooWligizniea af tho loop ia iieh 
that it ia larger im length than ia rttoh. Zt ia zo^c^om^^^Lo to
oqpoOt that whom amh a fohrio ia utzoiohud im tho dizootOm of tho 
langur dlaomaiim af tho loop* it will joqgmiio a groat or loud. ffhiLo 
thioo pelnta umloin tho loud-atnuim bohortioor of fahrioa fTum yana
of 19*.# ami %•!# arigp rlgidlttai, tho bohav^omr of tho fabrio fum( »
yam of 12.<p( ortap rigidity dooa not fit into thia ooatont. fhia 
iu probably dm to tha foot that thia yam haa tho highest ottOfloloat 
of fxdotOm (table J(o) otoMtoz 2) o^ thaao throw yama.
thuao fahrioa are relaxed ta item, tho difOsomooa 
abuoxxod ta the oaao of greigo fabrio, diauppoar (Flg«7l(b). Whom
yaima axa omvasted from tho item relaxed fabrio, it ia mtloed that 
um adhoalim a^ the tadlrldml fllmoabi taken plaoa umd it may ba 
aaiomod that tha flletOmal fexooa (tatex>fllmint umd imtuz-yam) 
wil bo zedhtuud ta atom talraed fabxloS' ALao the oollapae ef tho
fahrioa amer <uxuniwlt.aa ia utallar aa wil bo torn flom am 
taspoOtlom of oowoao par taoh aad wULoa poz iaoh (tibia 22).
Buuaiau af throo ouruUdaxitlimu, it ia, therefore, mO aarpriutag 
that tho loudmiOkxata bahirlomr ia woo oz laau alnllox for thoui
 lfc*.
fabric®. Further, a eceperleon of Figures 73(a) aad 73(b) would 
reve»l that tha uodnlue of atom relayed fabrlo la lever thaa that 
of the greige state fabrlo* Haaocme for thia have already boon 
explained under Section 6.IS.
fha affaot af crlap rigidity as tha load-etrain behaviour 
of wet relaxed aad dry tumbled fhbrloa la thews la Figures 73(a) 
and 73(d)* These two relaxation prooeoeea lead te aa almost 
Identical behaviour la that the fabrla froa aad 30.9% eriap 
rigidity yams do not chow any sl&alfleant differences between thoaa 
processes whereas tbe fahrio froa the 19.8% erlnp rigidity yarn 
requires e sesller load fer tha oaae amount ef strain* tha 
differences beeewing larger particularly for extensions above thirty 
per cent. Theee observations are very elallar to those obtained 
froe tho greige state febrio* except thet tha shift ef tha curve 
for fabric fron JO.8% eriwp rigidity yam la towards that af tha 
fabric fTon orlap rigidity yam.
<•4 af Rib
ml lUffw ri Mil v*tb irf*il n—IV
Mi JQcall'LJL«2X9a«sjLasi4aa
’/7O/20 twtrr fnle. tvlst (F?) ant l/jo/So TertraliB.4 
(Tl Mrofftr 1mltc«4) yame wr. ..I*.,.* ta stndy th. effest of
bulking preoeae on tho elastic reoovery behaviour of lxl rib fahrloa 
knitted free then. fhe fabrloo were finished ae described earlier*
by eteea relaxation* wet relaxation aad dry tumbling* tha reooveiy
187.
properties being determined for their Offering etmtea.
The reemLte are presented grm^oodLly in figures 74(a) to
74(d) and it rill be aetm that the imtlal ao roll ao the total 
elaetlo reeorery of fabrloe from ^^aZt^aLi^n^d yame are gWMesaiy 
lower than those made from false twist yarme despite the ol^htly 
greater number of w«des per inoh ie the fabrioe from the fra&raliaed 
yarns. After fmi mi mg theee fabrlee by steam and ^elnxet^^,
the dlffeaenoaa are mere pronounead whereas dry tumhiag serna to 
redmoe these ^^ffes^^o^e* This would, th©:^©!*, cnggeat Urnt ones
the fabrloe are day tumbled, their eleat^o properties are almost the 
ewe, IrreBpeotiTe of the method ef bulking the yarn. It la also
noHowd from theee Figures 74(a) to 74(d) and tables 29(a) to 29(d) 
that all three relaxation treatments bring about am La^roT<ment im 
tho recovery properties of fabrioe under investigation am, after 
at eon relaxation, the fabrio appears to be 0^^X1101 im the aoass 
that the total elaetlo rseeTeZ^/axtan8isn ourTee tend to flatten oat 
beyond approXim^^^.y 30£ extension whureaa thia flattming does m>t 
ooeeur for w^ relaxed amd tumbled fabrioe* Thia ia perhaps
reasonable to expert basouoe when fabrlee from bulked yrne ovs 
released from extemiien, the atnmlned loops tend to reooTOr their 
relaxed ahape and length* The forcea favouring reeoTaoy to the
original fabrie dimemlon or shape are guneizHy- opposed by 
frictional fsrsao within the yum rad between adjeent loope, and 














Fig. 71| (i). Go iparison of olistic recovery of fabrics
(gxoigo state) knitted from Textrilizoa (staffer box 
bulked) tad filso twist cxi.ipod yixas.
—q_o—o— Textralised
------------- I..E.R.
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Fig.7^(b). C•^.n^^roisoa or elastic recovery or fa or ies 
(steam relaxed) knitted from Textralized (staffer box 


















0 lU 20 50 :<c
STR a?.' F o z* 3 - ,. z j
F i g,e 7— (o). oomn?1 3o» oi .'lie 3 j s? c lc . •<.■“■ 
f: -ori o s ( we t re 3 x -a or: ~ ~ZL •' • ? - -- aL.














Fig. 7^(d). Go .parison oX elistic recovery of fioxios 
(dxy tumbled) knitted fio a Textrilized (stuffor box 
bulked) tad falsa twist criopod yixas.
  
l*a.
■jprtng ept^^ end th'/rAtere beeoae msu/lLcd with e/ch ofchtv, poiMObly 
astiuminm a n«T oonf.gmaufcloa• In tho oaas of fabrieo rolaxod la
ot/oo^z sqqq of tbo individual filaroutn. aocoLn lock ad (flLO■Mat 
adhcOLsa) wth oaoh other and wian these fehritto ore aotgadsd and 
oal^asod, tho chanoos of tho individual flaeoaata SJrVLo/.ng opart 
oro oioh ^oso oe o^n^i^irod with fthrioo flzdshod by vat valaxotloa and 
diQ tumbling (th^ao two rvsssases involving oonOidocablo agitation).
It hao boon stated that tho rossvory of fahrioa knittod fam
staffer box hulked yama ia lower than that of fabr2oa nodo ftaa
fOloo twist yama. It io srraoSiotsd that the typo of tho srinrlag
rrsoass affecto the nature of the yarn orl/p and o<oaMO■MOlly ita 
nooov««7 power, friction cto. HorSTor# tables (32) and (2J) omld
indicate that fahri^oa i&da from 1/70/20 T^rtrOUaod yam (fl) (6 enda) 
ore tighter than those mOLe from 2/70/20 falsa twist yam () and*) 
baoonaa of thOLr iooraaiWL atlteh densities ond dsarooosd otitoh laogtho. 
Bsoosas of these lffasnlu>as we i -*1 * orrsot n better vaaoveay 
behaviour for fabrics from l/TG/JG Tail roiinad yom. Siooo this io
net oh served, the lowe vosovary con only be ottrituited ie the mOrno 
of tbo Giap« in fabrics free Texxralised yarne, it io mO dlfflaalt
to ronove or defers the or^sp when the fabrics are extended but wham 
thflv are xeLaosal freo that extension, possibly there are mO 
suffislaat fsvsao present to recover the original sriep ond 
oMircpuently the fabrio shhre witbla the time limit ileocsd by the 
method of testing'
 1C?.
The ^o yarns 2/70/20 false tvist and 1/O/20 TeXJxULiaod 
so fix onsidtisA wgis siellar in all xeeneots other thin tho asiap 
rigidity of the t#o yama witch wa different. Woozum tho falsa
twist yam wm af 37.M orlap rigidity. TmrtnaLised yin «is af only 
1% oxinp rigidity. In order to olaxify the donht wish eight
aiine oat of this widstlnn, two other yama, 2/100/34 filso 
twist (F3) of 19.056 of rigidity and 1/150/50 TmXtrallsiad (*3), 
of 1# mii? rigidity, warn salsatod. Those were two yams
aveilibla tad ^oxa identical other thin for the oethod af bUUkiag.
1x1 rib fabrioe wtxa knitted nsing 3 suds of yam (?2) and 4 ends 
of yum (Y3) to oa to oMala tho .sues totil deXLsr. Tho olaotio
xsoavesy of these fabrics ia tho gxoigo ond flxiiKod statso io 
presented in Mmnpiu 79(a) to 75(d). It MH be oaaa fkoi those
flgaros that tho results arc aliHsr to these Obtained with fabrieo 
flam 2/70/20 false twist tad 1/70/20 YertrUiusd yama. She
poxfOrnanco of fabrics pxoducod fr,r» tho two previously oeationod 
yims would indicate that those fib rice imde fraa staffer boa bpLkod 
yims azo inferior la their recover* property but if the paxfinonoe 
of other fibriee in this wooxk is surveyed ond lensigxinoa bo taken o^ 
yam variables such as erlap. filmant count and yum court f than 
the greigo state stuffcr box fabrioa would appear to have a 
poxfontmoe jusc a little shtvo that nAibitsA by the gxoigo state
false twist fabrics. Huwavsx. fixtlshlxig by dxy tumbling wolLd















l'ig.75 (a), Comparisen or elastic recovery of fabrics
(greige stare) knitted from Textralized (staffer box
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Fig.75(b). Oompaaison oT elastic recovery of fabrics
(s tea a relaxed) knit Led from Textralized (staffer dox)














Fig.75(c). Compraison of elastic recovery of fabrics
(v/t relaxed) knitted, from TextroH-zed (staffer box
bulked) and false twist crierad yarns.
Textralised
----------- I.E.R.









0 10 20 30 ^0 50 
STRAIN (percent)
Fig. 75(d). Comparison of elastic recovery of fabrics
(dry tu bled) knitted fr n Textralized (staffer box





















%• load-atrala Data for Mbriloo aado fVm 2/IQQ/2A MLm 
Hat (ft mA l/Ly/fiO foatrallaA (f J) mam lo moos la fUpras
%(a) to TKA). Gomoally. fal^oo tvlot yusmi haw a very klgb
acOai«loat of tho arAnr of 400-500 for osot. ^torooo otOffor boo
bolkoA yoxao ohoo o l^omr oiopMotj for ortertkaal^s lt lo not<A
tao thooo fl^aroo that tho ^o^oA-otn^ ourvoo for fobrloa kOttoA
ftom TactzOisoA yorno Ho ohovo thooo for fahrlaa p^adaaod Aeon
folao tvlot ogl^pad yorno. AS^lhoT^ aaopaaad tho atraaa otnAm
prop cor loo of aarloao typoo of hOkod yormo aod hlo raaaLta for
Baalo* and fhloo Hot orlapod rylom yam hour roaeoblaaaa to ths
rsoOlto obtoLaod for fahrioo la thlo oozfc« ^wow, Arthur did mo
prortdo and aopLuortlaa for tho dlfaoaaoao o^aoamorad HOoft oomd
ho paoMbly altrbmtad to ths aomll4aMOlaa of tho ^mlo^o yam ia
A
shlsh thoro wadd bo m>ro load boor^id alcmamfco for o glvem mt«ol<m
thoo lo tho aaaa of foioo Hot orlmpod yam. AhLo oo^^o^^
ooo<mota for tho dlfaramooo obaonod im tho Laad-atmULo bohAi^oMr
of fabsiaa Ho from SaOnaLlMd aod IoIoo Hot orlapod, yamo
fhatiaMmaro, It WHl bo mOod from H^arno ?6(o) to 76(d)
that tho iJfLaa1Hoo of fHahias on tho toad-otrala
ahaNMteoll01oo of fhbrloo from faOlaaLlaad yarns im oHlor to that





Fig.76 (a). Load-strain characters tics oi‘ fabrics
(g^reige otate) knitted froa Textralized (stuffer box
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F if". 76(b). Lo ad-s -train characterstics of fabrics
(stead relaxed) knitted from Textralized (staffer oox
bulked) ana false twist crimp-ea yarns.
 Fig.76(c). J-ad-strain characterstics of fabrics 
(wet relaxed) knitted from Textralizea (stuffer aox 






Fig.76(d). Load-sxrain characterstics of fabrics
(ary tu .idled) knitted from Textralised (stuffer oox
bulked) anU false twist crimped yarns*
 M ffifmiffi^uiihim^
lUiL .WriWi. L.a
6.51 sx^Kio mnuiua a!
Zi# «xte&don fc^uinuaatu oZ a fabrio iu nu* j^tiouLar
ViLeotle i# dependent ue ll« ultiMnle u«e. ?or iuu»oyle» la
footwear, the ixleuuiuu in wwea ia pzlueril^ aleiVi the wU.ee but 
oooe onlteeur w&A ouioz wear uwaUjigoee predinfLueet j orueeeieo 
«m«^"w)lua &uzi«»g wear. CveaequeMtly, the dlreetloa la whleh good
xeottYeQr flow eateoeion ie ooeaed depeaW oa the eW«me of the 
#*#ir»ei. Ab the pree^a work le euao#%od elth the GuaaMaOLeeiee
of the wu! feted fabrioe for uoe in garwentu, it le of iutereet to 
voi-v".-'* their «labile rwowtry iu the mile eel oonnwwiee 
Hreotiam*
?wo faxtr&leel yenw 1/205/34 (%) euA l/150/pO (fj) of 
the aeae eriop rigidity wero eeleetod owl lal rib fabrioe kmtted 
free them uelng aa efprepxlla*^ of eude ee n to obtain
nearly eaae total yarn feulwL. KLeatle rwoovery of thee# fabrlee
war then detizulAod for the wade aiul couraeelee dlreGtl'MU#
Zhe reaolte obtained axe ehoen in flgwree 77(a) to 77(d) 
ann t&olaa JO(e} to }o(d). for the eaae of aigpiioit/ aad oleritj 
la preeeutatien of the results 1a greghlval fona 'the data for fabrioe 
foot 1/^05/34 (22) foxtreileed yara oaly la preaented, ifehere #a the 















Fig.77(a). Coifjarison of1 the elastic recovery of the
faoric ( reige state) • nitted from T<exiralized yarn(T2)














Fig.77(b). Conmaaison of the elastic recovery of the
fabric (steam relaxed) knitted from Textralized yarn(T2)













Rig,77(c). GOi iparison of me elastic recovery of the
fabric(wet relaxed) knitted from Textralised yarn(T2)














^iS*77(u). CoTfi^jaii^on of the elastic recovery of the
faoric (ary tumbled) nitted from Textralised yarn(T2)
in the wale and course-.vise directions.
XW.
la tabbiw 90(a) to 30(A)* The gaaal trad of th# mUta Wth 
both of thoo# jima 1a alaoat the enao' Mananao of th# nature of
the loop la alnpl# weft keltMA fahrlan, lt le arnnptnd that It le 
poMM^La to obtata good reuvnxy fra notn^Wa# froa the enloWae 
aathen thorn froa th# oaaraanl## aatnaalna* tala fhet le ootfliuer
la flgaroe 77(a) ta 77(A)* 2a fOMunU, laaaidata a# wWl a# total
AinMla rnenrrniy la the wdeWne dLratla le grantor then la the 
aaareaa^eM Anr##tl<»' Thle abanrmtlia holds good for fahrloa
ia their grnlg# etate end Woo after ralnamtca tratannta*
The ^fern^^n ta the alertle rcMovery malaMi ln the tao dLlreetllaM 
appear ta iaer##a# With aa tamraona ta nxinranlca* fhaa for
fMhrlon la Wdnh good rcMovnay fhua Mrt<t#ll<m ln the noarMenle# 
tturartlra la dwlrabXa, lt le asaatlel that than# fnhrlo# eho^A 
be ao deWped mm ta have wly ee awM maaaWblllty mm la not^Hy 
regain'd turn contort point of Wee*
Vhaa th# kWttW fMbxll ad«#pioMn M^<HML^irn la th# aearneOLea 
diraotMaa, the knittA loop# bornae Wder and nt tha loop orona ever 
polrtn, tba yana fora etarp nagi#n araad each other, ond ee tha 
atrnita le taasaanad yea In aovad froa tha vwtlnal aoapoannt of tha 
loop te tha horlenatal 0!^™###. lacarnMnad nt raln level#
MMnarntaata thle yarn wrna#a and lt In tha alow rneovny of thle 
wo^^aa^t, at than# lavele, W>lah nppnaa to #Mlnant for the Uw 
Mlaatle renovnay dLffMnntln bntvnan the grata# and ny tnahlad atatna• 
Th# Uw raaoveay of thle woraann ay b# dae to a aotbl#atl<a of 
faltoaa• then# balag the tnafernaoa of ynarn froa one portion of th#
•U
loop to wether portion of the mm loop ond m Imnroftoo in th# amjgLo 
end owm of yam oont&et between loope, thle latter eenolag n oefteln 
maoent of ymm onteagliMoit portloularly When thet yon hee en 
lrregnler enrfooo, tho ooouat of emtenglment poaiLbly umUs 
paopartlcinsiy with the degree of amrfeoo lnegieLarlty and en ^wnreMee 
in mnoler o^ongononlfc of yarn.
OoamOTaolr, there would be little yarn normart ffen oao 
portion of tho loop to another portion whin tha wUiiOso atsm^ lo 
anoearte^, tho rtmin being Married by tho wwtioal oe^px^t^
for oam ttao before mfertiag tho dliplaooneat of tho yam la tho 
loope. Thle allwa tho ctaanartaWrtloo of tha yam to bacami
mori evident lm the wrtowiea bahorteur of tha fabrlo.
A^ low ltvila of otrnla, tha Initial ortemoloa la given by 
the natation of tho olaker liopo which join tha plain oad alb warn. 
Thlo rotation of tho elakor loop mgrtaoo only a low load and nay ba 
eapablo of alaart oasqprto roverwa, at low rtmino, bat oo tha rtrnm 
li imaraaeod, yam aovimat aad loop defamation, of only a partially 
revernlblo mtaara affect the ^oovory ehlnsMtoeietloo of tho fahrla.
flgureo 7A»(a) to 76(d) ahiw tho loedetmla cosvoo up to 5W» 
ilongatim for fabrloo fom 1/&3/M (TK) Tu&rallMd yam la tho 
grrtge, at ana relarod' wit rodmed and diy twOblod etetae, tho 
et^ih having boon appllrt along tao priMipal ttrertlene, l.e. wOLo 
ond ooureo wLee. It will bo oom that tha load rogelrod to rtxotoh
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Nig.78(a). Load-strain characterstics ox the faeric
(greige state) knitted fro.i Textralized yarn(T2)




Rig.78(b). Lead-strain characterstics of the fabric
(steam relaxec) knitted from Textralized yarn (rT2)
in the wale and course-wise directions.
 Rig.78(c). train characterstics of thn fabric
(wet relaxed) LajLtt^ed fro i Textralized yarn (T2) 
in the waln and course-wise directions.
 Strain (percent)
Pig.78(d). LoL-s train characterstics of tne fabric 
(dry tumbled) knitted from kextraliced yarn (T2) 
in the wale and course-wise directions..
AJO*
a Mkbrle Ia tha aawneewloo dioatloa Io only a ftootion af th# loot 
wagdOrad to otntoh it la tho aaloiloo dlnaotioa. Xt lo eloo ooon 
that etooa ooleoatloo oatnooa tho aotalna af tha fohaio within tho 
aoofo of otoniee cooallceal eol tho eoaecoo foa thia hoeing bean 
diaeeaeod aaaliaa with opeciflo awfeaance to filaaaat adhaaioa 
oanaei by eteen eeloentloQ'
Xa tlaeaaaiaa tho laad/eetanolon paepaetlaa of aih fhheiee ia 
tha aoaaaa oat aaio wiao 1X00011000, heyl^ daaoaihad tho aib 
atiaataao ao a towalagoant of tho flelo ataaetoaw, foeaad by 
sowaaoieg alteoneto atltchao ear gaoay of atitohaa. Tha effeet of 
thia aawaeael aaa to allow for tha ootneoi cowling eotlcn of tha 
iataaaadiato loopo to taka plaoa aad tha width wiao oollapaa of tho 
ataoetnaw aaaaltat. RIom aib ateootoeeo effee aa iaaaaaaai
eataaaloa aad aaoaraey cnyoclty along tha ecneaoaieo dlewotico.
Tha high antaneibllity af thaaa afeNotnaree aeieao faoo tho rotation 
of tho lleke that join tho faao loopo aad tha batik lxoipo* Xa
thaaa fabaloe. having a ocaaaeo paw inch to onlaa paw laeh retie af 
appaoalnetaly unity, tho diapaaity ia load ia a ccoaweiwoo dlawetioo 
coopered with that ia a waloalae 1X0001100 ia doo ia peat to tho 
That that fow awaay load baaaiog wait la tha Icoaar etate, thaaa ein 
foaa load beaalog oaito io tho latter atata, thla being bxwug«t ehoat 
by tha typo of oenertoee aad tho oooaoa and aalo apaeiag. It la 
tkoeafoaa, aoooooahla to eipaot lowow loodo fow glwan dagaaao of
eteain in a oonaeeeiee dioaatlcn thaa in a wolawloo dlewotico^*
195.
Am %hm half oortUoao otooot^io ia oao of th# wmO viAOy 
Wnod fooMy atUhm# It ia of totaroot to oto-y 11a alaatia 
probation iW oatotoW to thoaa of 1x1 oil filOLoa. Ooaplo
fllrloo to thaaa atamotwaa warn taWttad torn ) and# of 1/805/34 
(TS) doWLav Taatoollwd yaoW aW Halo olaotio Taanaooy paopn-Hoo 
dMftaioatort ia tha wOlo oW HWioortoo 41aoatlma im tlo gartga and, 
£1x1010- aimaa*
It mitt ho ooow ftoW fiaoaoo 79(o) to 79(A) iW Wiol total 
oloatio mowny valWoo foo tho flaot oydLo of axOworiLcw oao plotted 
that irif noidlgaw fohoio to Ho gaMga and fHWiolo- ototaa 
poooaaoao oomaihit OWaoOaa laoooioy aaWaWLoHOtoOloo to tho WOla* 
wtoa AlvaroHM warn ooopaxod wth thooo of 1W oil foiao tlon 
oooowoty along tho onWaaaAao dioaratloa lo ooaol-aood tlo 1W oil 
otJWotWoa oppooiw oap«arOow to tlo lOlf ooodigoW 01^0^0^ At tow
otamita tlo dlffovoooo to tlo nuaia aW wnlootoo alortio oawowWgr 
oatooo fow idf aaoligW fobsioa la mill hat ot Ughoo otimtoo tlo 
owooraoy to tlo ohwoooIoo dliWctioW fillo oauaLdanOly. «hiW tla
filoloo ore fiWlahod by toWilWg* lOf rn^^W aW 1W Wit
fibrin oWlUt aiWUtav oioowtoy boharioWr* Tie toftoonoa
of tla ftoltotog tmtoaotBi to goMoWlt loo atrnaaty baiW AiUWaaW 
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on# mrnhH ALrootioM
Thn tom ttol oloatio moooMqr pmp<nafcia of h*f oardtqpe 
fahrle am dlffarni Dm thooa of im rlh fhtalo non peoMblj bo 
eenrlbol to the dlffaonoo im fhtalo ntaaOtoon# HOLT ^odlgoa
fahrlo oateloa loan ’held’ loop# oo tha fhoat of ooleo oo one oido 
of the fahrto ood took Loopo co tho booh of the men ooLno# eemtas 
opaarda meal thn top of tho 'bold’ Loopo nod ootolaori La forttloe 
for ^O^K^I^h^O^O loopo of tho eemnedio# etlthoo#
Tho offaot of tho otahar loop rotation ofOLoh gLaea eoMnooioo 
maeray to thn 1* nih otanatomo Lo lorn poonoomod lo tho hrtf 
neodloaa otnootwo ehoaWe peOHm of tho offaot of tho nnnowqp 
fcmoo In loot tqr olatao nf thn dlmeOta nf nmoet nf thet fonoo 
botag mpuLam to thn limo ef thn nenmo# do# to tho path of tho yon 
In tho fhtalo ntmatom« Thn otakua loopo ohtoh ta 1* Ah fhhrton
have a 'hortiotaal rotatin' om ta half eorllgm otaotwot oppoaed 
hy thn tnak loop AhLoh fomo a 'otaoeond oaattlorw’ amt piloted at 
it# non!* mA matmOLood at nook ort. In took fhhrteo psodaoiOl
fra oomrMtlaaol otailked jon a, It le thn amrtooee af thle ortt 
(ta aOtlfleo) ohdoh Inamnaa the oldth of thn ftarto mOrtloa to 
im *h far tho ooao nahon of madia, da laamaio la oldth hm
olm hom altod foa tha hrtf namim fohrta oomldomd In thla nook. 
It Le tho n^otmoe nf tha 'etaaoood oertilaear’ ohLoh oppoom 
mopmll&o fon tho looo* onomorteo raoaam Okom hr hOLf 
aadigm fahrtm.
 *71 •
Tbo odLmlm rweowy ta alio m^ootod fgr tho prweoo of tho 
took Imp oat rndf fhd alakor law* tho fwmr (tho 'otMooad 
oootUevor1) t^a^rj^c ta ng^^a ito otrnight hoaiaoaitol foao oad la 
doing Mt oog^f^tlar la oalooiw oaooaolo^• The aodflad adahor
loop alM aaolato la thia aetiaa tp txplag to fom a oooo 
a«waoatwo^H ahopa than tha laaapalav ahapa lapoert upon it hp tha 
atnaaM ia tha atmuataae,
(•62
Flgaraa 00(a) to 00(d) daK»oataato tha laadmtaaia pmapH*fcM 
of 1x1 mb wd half otfdima fabrlw katHA fm 3 eade of 
l/<08/l4 (ft) Z^oati^iaA yom im the ralo ami eomroooioo dlrogrilo&ou 
The omrvoo are platted for ell feme etotoo ef the feOrloo• 1«m. 
greieew eteea mOmod» wet rodenod emd day tumbled.
Xt aUl be rnted fm the fJIgeree that the hOLf ouMggM 
tabarlo im ell ite otetoo segWLroo o mooIIos load fhr eng given 
oxtmolM ta tho eolooioo diroo&Om vherooo ta the oomiMoeleo 
direotOon it moodo e greet or load far ug given extmol<m ao o^mewd 
with 1x1 nib foM.o» The lower vmAM load rogelred to pooUioo
a glvom oxtemoim my bo otOsilMted to tho foUoemg rmooaoi
(o) tho dooroooo im otrooo boertag emto im tao half oardigm 
otxaoturo for a glvom toot width. Thlo dooroooo io doo to tho
proarnoo of the 'etnoorad ooatilimK' emt ohioh taooooeoo tho 
oottroeei^oo width of the otmotmro for o govern nmbrn of mAom» tbmo 
sotiatlng tho muhoer ef ooloo por look omd
 Sl'd.-ill (percent)
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(b) tbo preeonoe of tho 'otrooood oantllovor' unite and hold loopo 1b 
tho tack veleo ob obo oido of tho fhbrio* tho otrooooo 1b thooo 
took ooloo causing vertical baubling of tho plain halt ooloo ob tho 
other old* of tho ffchrle» Thio buckling of tho plain halt ooloo 
pemlto considerable extension of thooo ooloo ot loo loads* tho 
oajcr portion of that loot being oarriod hr the otroooot took ooloo 
until thooo extend to tho unfolded length of tho plain holt ooloo* 
after ohleh tho load nor booaoo aero evenly distributed.
Tho higher etareerlae load rejulrud to praduoo a given 
oBtoooloB in a half cardigan fohoio lo doe to tho ooallor nsnbsr of 
rotatable olokor loopo and tho loclocioo of tho otoolghtoaod 
oootllovor oalto ohloh weald rodooo tho cspeolty of tho half oaadlgsn 
fohrio to 1 enfold1 ohoo oader oooroosioo strain ao oeuparod oith tho 
capacity of 1x1 rlh otrootoroo to 'unfold9 under tho oaao otoala* 
tho load being transferred sore <ulckly to tho otraotoro la tho 
fomer oaooe
Tho Influence af tho finishing troataente oa tho load-otsola 
properties of half cardigan fahrioo appears to ho tho oaao ao that 
dlaoooood already for lxl rib fabrics.
# V) *M
fatal— With tho.o 
tala t.:.d Coom—Mwb*1bp»
Jtow Ifl Utf
Tho Introduction af synthetic fibres aad
advent af bulked yarns has created neo coapctltlon for tho wool 
tactile Industry. Fahrioo produood frm bulked yamo offer n
tf tte im&mbm pmpwrttie# rt&oh wool fataio po####### tai the## 
i# little qmiatltfl&lv# ov aamitativ# infonartira amiable a# to 
th# raaoaery ahametoriatiaa #f kntttiA ###1 fahsiae* fo LmvMti<#%e
thi# parlioula? a*pmov XX xib and hUf indium fahrto# vara khLitad 
i'axa l/Oj/M (?2) faxtnaLLsad yarn eorleyimg ) aaia* on# 9/M'o 
woal yarn uaing 2 and#* The nanltanfc fabrlea was# fjn&aho# in tha
uauH emnav hy ataan lelanatian* vat tjaaUinent an# day tanbliag and 
thtdr elaatia raaavaay pMjpa^iea iotenained in the anXa an# oouraa-
alaa dLnrtrtXma*
Bafoxa diaauaaiaa the aaaalta of alnatla raeonay maRauraaania' 
It la aooaldarad iopartoat ta aagfaboOUat tha dlffiaanoo batvaan tha 
laad*alaog&tlaa abvsMt'vrlvtlaa» aaaa??. remitted qyoaing, af fahalaa 
from aoal and tmlka# yaxna. Vaal fahzioa when atratahad, paadBoad 
atabla ourraa l.a., load alanrvtisv raaponaaa alooaly rapnodaaad 
aaob other hpom rapaatad loattnaualoadiag oralaa after initial 
axtanalaa. daif ltt34 baa rapartad atailar load-alaamatian
bahMmour of lal rib fabsdoa balttad froa aaal yarn# fbbalaa
bnitta# from balkad yuan prodnaa anatahia eorwa ehiah raoaaa far 
aavaaal ayalaa bafora baaaming atabla, thia affaat being omaaad by 
tha paojaotlag oxtapad filament# having diffioulty Ia ragalniag thair 
pra»atraimad paaitian. fmbriaa pfaaauuimf atabla lsna-dafv^vvtlom 
aarvaa are ihoaa in ahloh tha ssaatltavnt yama ayola hataaan tea 
apaeifia gaamatrls aarnfipamtianat, ana axlattag at tha bagtaming af 
the loading and tha other at tha beginning of tha anlaadlng* tha
20).
yam la the fatale paxoaelaB aMtahle wavae leee not return to the 
mm penltlaa after eaeh enolete syole. It will fee apip^orf^^ed
that yame la a fabrlo fcaltt«e froa □alked yarn will tend to define 
aara m than yaxae la kalttid wool fabalo, eenee%aeelly the load- 
dofenation oarvaa fer the fasaar typo ef fahriae praoeoe la 
oyolle loading wad nalMdfcg« Stable tatawloor la fa^oe ooa ta
attyliated te emu frUtlMal raetsainta and oonOtn^laM tlah 
toad ta adalstaa yaoa aoT^oa^a.
Oka total olaetle xaoevary (fleet ayale) of lal alb oool 
fhUaioo le aae^ar^i «lth that af talked yara febalae la JWmeo 
61(a) to Ql(d) and exo platted fta fahrioe la that? erelgo, eteae 
ralnsed, wot treated and dry toahled etatee. It will ta noted la 
ttaea flgurae that wool fatale oeeaaeaeo eapoiXL&r xeeeoaay 
yroyerllea la He ▼arlaae etatee and at all level* of etxala. 
d fhathar lntaroatiag faatnxo la that la tho oeoxaoaloa dlrootloa 
the llfOearaoa in tha elantio rneoveay velnoa hatoooa eool and 
fortraHied yam f^iAoe la each greater than la the oaleolee 
dlrootlmu lhla dffeaNnoo nay ta attributed to tho xeeletonoo
to antenalea exerted by tho flnaxal and tartioaai rigidity
i
aaqyaaa^ita of the alakax looya, the former oaapomoat being la tho 
H^jolaoatel rwtatog* yoxtian of tho winker loot and tho latter 
aaayanaat being in tho yertlaa of tha hUtted loaf to ahdoh the
eldkor leaf la Joined. fhe wexotad yarn, by lta oantmetlcoe
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Rig. i;1 (d; . Comp s'’isou oO tiie elastic recovery o. 
1 X 1 r ) rc Ties (dry tumbled) nitted luou 
C ex t r 01 i zed ( T2 ) end vo o 1 y ams.
10 50
301»
dofeamatlon thin that yimiid ty th talked mrlon yaam the 
filMWto of ehiah mm Ia rnta rarite* UhLa rWadao tho WtaWlvo
ef fHiiartn ewMIAlo to raolot tofomiog loodo whoroeo 
the waJifAty ef the flteoo aeapwLeiag the woxstod yoon wowld jointly 
ooAiihOLo te two!otlog mat woworwrieg tarn tho offoWto of 
dofamoitloM dttwapto owoo eota deoiog thio oesk to oeewrteto
ooluea for tho flemmMl anA tertimX eigldiLioo ef aylom yanw Im 
thotr talked ototo tat peered oWLrwaoly dffioWlt aad mi soliahio 
MoHta awo ohtMMod dao to the foot tliat ohoo ween lee lowde eeow 
opflita to tho hAhod yarn otnetOwob dOfoAkioo of that otruoAeo 
iaoMUotoly iooAOA* It hff bean ahaira^0 that oohAkod oylcA
flOmomt poooeeooe flaaouA and taotlwA yoopeWdoo leoew then that 
of woo:! flhwo. It mot ho najaalMd thet tho moo of helled ayLUm
fllaaimt la yon foam ooAd lead to oeee lowoe aMLnao ffe themo 
oeiqfneMLo and thee load to loeew foorio wAaow Tho waoMLto fee
half owndion fohaioo atom in tt\a) to 08(d) alao ooMhit
eiallaw toond oo that ffe 1A oih foheiae* IM garnet* ot away loo 
otwaiAo» tho olaotio oooowoay oelioo few all tho faholoo in both mUo 
and eMveaaiee dlimtWma appear to ho AAloo hut with on imeoooiw 
in yea owM>» otxaA# tha raAoa haoaae oifiAflooA&ly dffewoWL»
IA wih fohwiwo kAttad fham wool yama in thoio gefigw ood d#r 
tunhltd otatae ohoo# in tho nAeeiaw dmotioM, a ooMOLdiamihli dny 
in Olaetio owoieroay nuMoo with an imeooooe in pee eoM« otaMUi*
It oae ebiaoAd that the wmw^^ of dOLiyod OAowmy oao mgr emH foo
ni fteu. i'r o: 1 cx Lr ■ , 1 i se d ( T2 )
3T2 \Ii\ (percent)
1'ig. 82 (a). -Comparison of the elastic recovery ol‘ half
cardinan f e o-ics (fruie ;e etc te)
and wool yarns
Pig, 30 (b) 
cardigan
Co \yarison ol the elastic rccovv 
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mol fabrloo ohm eoeproed vlth fabaioo pmtoeed TaxtmliLM*
omsm*
It 1# moframble to oappooo thot the oMLity of e Mario to 
rooomr fTo» AOrom^lOm mil be rolatW to th# mgr tho omcy to 
deform that fohrio to otoioA or AiMd^eoAP. In fohaioo im m&oh
gm ^omnonte oA fnetlwml iomlmtate are oqOl» m loxgov 
proportion of tho oaorgy of ArfomOion mil ho otornA end mil 
osolot in ottMoopuK* ^•oomry fOm imornrtlon. Vhr tho oom
^^oono tho onorgy rognil^ to rotnm tho yomo to tho*r orl^Oml 
pooltloeo WU ho ■nOl. Om tho boOlo of thie ou^gotion tho 
onporilor olaotie ^^ooosiy hOhoiiom of mol fhhrioo oon ho «mioliM 
omo it has boon otoim oollor that thooo foboleo proAmo otohlo 
looA Aefamatlcm oormo oo m rooult of may little ymm mommiA*
It mgh ho orgood that tho frietOmol rortrtimo would he lorgor 
for mol fhhmm ohom oomorod Wtfch thoM of fahrloa knittm fhoa 
TmKmllfloA yomo* Thia to mt oo mi with fohrloo prAmod from
OOtmOi tho lcAimAna! fllonoKto of m yom tood to oepuata 
whoBoror oHo to do oo ttao oroatinff lntM-fiJewat ootlOlggooont 
ond Inoomling tho effeetlwo ymm dLomtior, hOth of thoM MOtoro 
aortrilmtinc to highoo frtotOmol rootrninto to omoh fhhmoo«
It mil oloo ho notoA that whw'ooo ^mi^oh^ fahrlea kmttflA 
from talkm yomo Ohoo owooWiot higher Olootlo mooiooy rmmoo» 
tho imfl'tOMO of thorn fimiohilmg tioomoOto om woO fohrLoo io not
oo wmHW, oo tho OloOtio roooiOEy of tho IMtor io iooy high# owon
WJ.
la the grelge otate, thla allowing of only a —ell i/qpreveaent la 
recovery due to the effeet of any finishing operation*
(ftlaatie rccovwry of I % I rib fabrics 0mo 2/100/54 ’TAB 0el’©









L a j 1#.
1 t eye# 4th eye.1 *fc eye# 4 V eye. l*t oyt . 4th eye.
2 10 5 *Y^ A. s • * 4c0 « . ~7.o 05 M
25 <7.7 47.0 pn.o 67.5 150 i»o
35 f 7 46.7 T>. > 66.7 270 100
45 € .5 46.3 55.0* S0.5 200 JMS
55 3G0 47 ~4. “ S5.0 4 or M5
5 io 45.0 #%o 50.0 <5.0 774 160
20 60.0 50.O 07.5 T.5 2P5 755
30 C’.7 56.7 f 71.7 TOO 40c
40 a .0 55.* TJ.0 C7.5 650 540
50 63.0 5' '.0 71.0 &».0 «60 7%>
4 10 64.0 6C.0 56.0 ,2.0 275 265
25 Se.n 42.0 SC. 6c-o 410 *<1R 'TOW •
50 6 ' .7 56.0 5% 7 <5.3 TOO 60c
40 68.0 56.0 fg.o 520 WX)
<• -. . ' 50 US.4 5«.0 €3.2 <,8.0 1460 15%
5 10 62. n 56.0 C2.0 6.0 37° 345
25 64.O 51.0 T5.0 6C.0 GO 55a '
30 61.5 56.7 £2.7 70.7 1040 50G
r- 40 63.3 50.3 m.7 7%0 1570 1350
50. 6r.c 61.3 m.3 '5.3 5760 2160
{Elastic of 1 X 1 -4b fabrics Troops 2 1 54 fa4g# tv mt





• ’f-4 i«t# ola'tic 
mcovf?yf *
lit eye. 4ib eye.
”*o*nl elastic
7#C'’V 7# 'f* # g®.
1't eye. 4tb et-c. 1 '1 e yc. iV eve.
1 15 6%5 *4.0 •P.l rn.’; 6O
?n f .n 9 .0 *0.0 64. 1-6 56
•**’ %/> ■s fq.5 * .0 74.7 «6.« 1M 154
40 ^•5 . 64.n 75.0 -7.5 225 7C5
50 m.2 62.4 78,0 7 ' .1 v** 26?
5 10 5%. J 5?.0 "2.0 Pf f no
21 62.3 55.0 74.0 65.0 175
50 68.7 61. ‘ ”7.< f«u * ■ 3-v? 2->2
4 65. -' £2.5 81.1 6-4.5 4 5 565
54 . r <4 6fe. 7S.4 7 .2 62? 555
4 5 54.n 60.0 56.0 02. 115 1 5
10 6 .0 55.0 ?5.0 75.0 150 170
- 2 ' 7>0. 0 56.0 06.0 0 .01 550 255
50 66.7 65.5 84.0 77.3 655 555
40 65.0 56.5 0 .5 74." 7C5 640
50 64.0 56.0 70.2 72.3 12&) l€o
5 10 6 .0 54.0 58.0 OG! 3^ 270
20 66.0 56.0 5 .0 -?r >a 575 510
X' 65.5 6?.i 76 77.7 6P.0 567 <0
40 <f?.O 65.0 77.0 6q.l 152"- 1260
50 6S.0 62.4 P5.6 7*.4 24?6 j.Wc
TMT;;24 (♦>
(wiaiilc 3&cc*reqr of I x 1 rib fwbr^c? f*w- 2/10-/34 ’*AB f«!s* W^t 




Toned late elrntic 
recovery, *'




4 th cjc.l t eye. 4th cyc. 1st cyc, 4 th cyc.
2 5 76,0 60.0 02.0 9 < .0 51 50
10 72.0 68.0 "6.0 04.0 85 A?
. 20 6?.o 58.0 08. 0 80.0 128 116
50 74.7 62.7 m.5 76.0 186 167
40 70. r 62.0 79.0 71.5 26" 775
50 fC.f 65.2 77.6 71.2 580 525
5 5 6ft. C 60.0 96.0 92.0 90 07
in f ,7.0 56." 06.0 92.0 150 140
15 60." M.7 "2.0 66.7 172 1<5
20 70.0 6 .0 76.0 6p." 750 795
30 6«.O 6 . 76.0 T .7 ».A 2®©
40 6J.0 65.0 77.0 72. ’ 442 585
45 71.5 62.7 76.9 69.8 550 455
50 7 • 6 6.0 78.4 7 .4 600 515
( 5 6c. ? 56.0 96.0 02.0 146 143
10 64/ 6 .0 9f. 0 92.0 192 105
15 6&0 6 .0 97. 92.0 28C 260
20 '6.0 6- .0 94.0 92.0 55 no
50 66.7 a.3 79.3 70.7 5» 440
40 7%© 65.0 70.0 71.0 795 6eo
50 72.8 64.0 G.-.0 72.0 1120 W)
5 76.0 6ft." 92.0 e».o 210 205
10 64.0 >2.0 04.0 P'.0 55 290
15 6% 5 6- .0 93.5 78.7 420 500
20 <6.0 f' .0 86." 80. C 530 47?
50 66.7 61.3 84.7 R.O 860 75"
40 7 \.O 6?.r PC.o 75.0 M5* 1190
45. 64.4 £-.» PO5 73 *■’ 3. 5 1620 1360
50 68.0 64.0 ■ 76.0 C\? 1900 1500
( ie rcQorfity of 1 X 1 rlb fabrics frw 2^1 34 3?AB falie taint
nylon yam# (71) C. . 12 *; w<e«-iH e 5tmtehi dja-JiMf! f«kr®)
%'C5©0
nd» Iwaediat# el ant 5c 5ot& -la-»ti©
r let. zmoecrejry, < mcnv0"X# 5 ! '"®*
■ m 1 t cyc* 4tb cyc. lit cyc. 4t** rrr . 1. t nvc. 4tb ere.
2 10 6/.0 40.0 02.5 «2 PO
2A • 7' .0 "2.0 oc.O 150 10"
30 62.7 56.0 72.C 62.7 257 no
40 6%0 56»5 73.0 64.0 272 ?3"
50 6C.1 6 .0 76." &.0 365 no
5 5 04.0 60.0 06.0 °7.0 :'4 12
15 6 .0 56.0 52.CJ P4 .0 .70♦ «a 162
20 62.? 54.0 00.0 OC. G 275 245
50 66.0 50.4 €4.5 79.2 557 300
40 67.0 6- .0 p - 405 365
50 7 . ‘ 6 .c 76.6 65.2 750 650
4 5 04.0 '2.0 96. 0 0*.0 176 l6e
10 74.0 7 .0 9<. t 52.0 2«o 255
15 6 .n 5M 54.1 52.0 345 520
20 66.0 5B. «6.o 52 422 352
30 66.7 55.3 53.3 (f,7 620 543
40 64.0 57." 75.0 72.0 "5" *5
45 63.0 M.4 77^6 65.6 1110 02"
50 67.2 65. • 74.4 67.2 1340 li"o
5 5 42.0 PR." 56.0 "2.0 77o 26e
10 64.0 “2.y op.o "2." ’PO 367
15 76. n 75.5 00.3 04.0 52< 420
20 T’.O G .n 6%o *0.0 650 350
35 62.7 55.5 7-. 3 72.0 1000 P3O
40 63." 5*.P *'.0 7<^0 1370 12PC• 45 67.1 62.7 77.0 63.6 2405 1360
55 6«.C &.0 76.0 60.0 2^40 52P0
Hla ;tiC roca» ' ry of 1 :3C 3 rtb fsb rice, In the rl.>s % flection. fna
(a) 2^ '34 OFT falne tri it yum, C . 30• 8 t c. of cn*s • 3
(b) 2'70/34 4c. - c. . 51 .6 , do. « 3
(c) 2'r'2C • 6®. — C . 27 do. • 3
GXE-SU ’ PABk Cj
Tam ”Xt., - • sP4.at© elastic dal c las tic
"cder </ YCCWfrry. * memr TTt ! cad t a.
3 it cyc. 4%3 eye. lwt oyc. 4* cyc , 1 at cyr . 4tv cyc.
/100/34 10 • . 52.0 8.0 M.O 150 142
64. 5 .0 8 .0 75.Q 237 210
30 64.0 54.7 06.7 00.0 rr 5-5^
40 65.0 99.0 74.5 60.0 46* noF) 50 60.0 5B.0 7?.0 «.o <40 MO
■'T 34 10 4C.C 4 % e 16.0 Q70 64 70
2" M.O 5 3.0 04.0 .0 150 116
• ^ i #"2 30 6 '.0 4% 5 0% 0 Sf .7 19 no
40 57.0 r .-»■ ..5 50.7 2«5 250
A) 50 <2.5 54.4 ?e.c 60. f TO 3 15
!/702Q 10 68,0 52.0 8 .0 76.0 £2 ?e
20 56.0 52.0 92.^ 9 .0 136 :»2
h.p.f—3«.5 50 57.3 55.3 72.0 «5.3 197 . 170
40 68.5 55.0 7%0 67.O 3SC ?10
F) 50 6 .8 56.0 70.4 a. 6 425 370
(Blastic r^iovisry of 1 x 1 rib fabric, 'n ri# to1»'-w' ie it "rsl 'on, f-o
(*J 2-1 '’ /34 OFT P&Isb t*l«t ym, C3 3F.O^, Wo. of ’Wi ■ 5 
(b) 2/70/54 CF? - -"e. - , C. . 51.e£, - -e. - - 5








1ot cyc# 4tb eye*
Total elastic 
roc or- ryt %
lit cyo. 4tb Oyc.
Lear, mu
l«t cyc. 4th eye.
-/I /54 10 64.0 60.O 96.0 92.0 112 177
20 68»0 64.0 06.0 72*0 190 174
•p#f#5 30 73.3 06.7 81.3 267
H)
40 72.0 70.0 95.0 02.0 427 502
50 76.0 65.6 8%2 74.0 vp 405
17'" '34 5 68.0 60,0 "2.0 on.0 i4 41
1" f.B.0 6 .0 ^.0 "0.0 6s
• P» T#2 15 73.5 6". 01.5 76.0 m 70
2" 62.0 60.0 74.0 6S. 0 ICC 00
24) 30 60.5 62.3 77.5 «f.5 nm 12S
40 T8.0 66.0 75.0 <7.S 100 165
45 7- -7 64.4 70.1 71.1 225 l°5
50 72.0 68.0 78.8 74.0 257 222
!/70/20 5 76.0 69.0 92.0 84.0 52 29
10 66.0 64.0 92.0 00.0 50 47
L.p.f.^5 15 65.3 6 ' .0 04.0 70.5 70 60
20 70. o 6 .0 €2*0 75.0 92 83
*5) 30 7 .7 6J.5 04.0 8C.D 140 126
35 69.1 61.6 e%o 78.5 160
40 7\0 6%0 ei.o 71.5 212 185
50 72.0 .69.0 01.2 74e0 285 255
(Klaatic '•eorB'y (fill rtt> • V» iMrncVm, fie«
(#) 2/1P-/54 '"3 fal ib talat yam, C. . 1 .8 , Ti©. nf «(f« ■ 5
(b) FT - <*» - , 0. . 31.«t, - do. - - 3






Trnd)0ta e ta- *C Total «Aai ti e
imoorvfy . (f.MOTO TP, 
L't oyo.
. -r
4Vt eye. let oye. 4th nye . lit egn . 4th cye.
2l(r/M 3 7«.O 6> 9%0 t'C.O 06 96
10 ■ r.o 56.0 9F.0 08.0 136 133
* .p.f.9 20 68.0 *2.0 ((%( 7%0 250 212
50 TM 63.2 76.0 327 300
f*?) 40 73.0 67.0 !=?.0 7f.O 440 365
43 73.5 *7.3 %.2 76.7 323 46e
50 74.4 1^.6 ’6.B 620 540
1/7'34 10 '4.0 R .0 06.0 SF.O m 105
15 70.7 67.n aa.* 155 126
•*w •*■ 27 7 .0 6P.0 #1.0 •0.0 171 162
50 7 .7 64.9 ne.7 74.7 230 205
CM) 40 72.0 &.0 f8.G 7%0 305 260
45 Ff.d 63.3 ®L.5 74.2 325 260
5' VUS 64.6 ef '.8 74.2 567 530
l-'T 5 68.0 64.0 96.0 96.0 52 51
10 t«.0 8U0 96.0 96.0 64 76
4.p.: • . 15 89.3 «.0 94.7 9.7.0 1 0 96
20 fa.o 6.O 74.0 53.0 122 114
P5 50 BC.0 73.3 9%7 e%3 166 166
40 77.0 69.0 C^.5 78.0 265 250
45 ’4.2 Z 6 . 63.5 77.0 335 207
50 7f..O 7n»4 65.2 *$5 . 322
(BloiHo reeoeety of 1 I 1 rib fabrie?* in the asle-.iie direetien, fron
(a) 2/1 /34 OPT false twiat yam, r. . 3'. , "o. of en«ta • J
(b) 2/70/34 '<* - ‘to. - , C. . 1.- 3
(o) 2/7*720 nr? - co. - , C. . 27.6 ' - «e. - 3
T> T M.JV-7C)
estate «lnVc *Wel .% t >e-----------
•m ▼ t® j TWCORT^rjTt * ■j3GefW"*rrf Trf*4» m.
•n<&T l*t eye. 4tv rye* la t eye. eye . 1 srt eye. 4f
/lpo'34 5 84.0 76.0 06.0 *2.0 138 116
1* #•0 72.0 96.0 °2.0 1*6 157
• p.f.5 2-2 74.0 70.0 80.* 72.0 362 242
50 73.3 66.0 84.0 no.o T°2
(F3) 40 2.0 69.0 78.0 n.o 515 4*5
45 74.7 69.0 8C.4 74.0 690 595
50 75.6 72.0 80.0 73.6 770 «6*
/70/J4 5 92.0 04.0 ^2.0 92.Q 80 78
10 ftf.O 60.0 •4.
»p.f.2 15 T7.3 73.3 39.3 ■'.7 IF 126
J*)
20 72.0 68,0 8C.0 02.0 151 140
50 7‘ .0 62.7 75.3 &5*5 ■ 210 165
40 G7.0 & .0 7G. 3 :/.5 285 26o
45 .2 6 .9 77.6 67.1 525 205
F 69.2 61.6 76.0 .2 375 550
;/7o/2o 5 24.0 76.0 o*.9 82 78
10 •ff.o 06.0 94.0 106 99
.p.r. .5 15 fa • 6-'.o 93.3 »• 154 122
5)
2X 60. C 66.0 04.0 rr.o 176 158
3" 64.0 56.* 76.0 <r." 250 212
4A 67.0 62.0 76.0 "7.0 ’■'?
45 6P.C 62.7 73.’ 60.8 ’35 =8°
F 67.2 6- ,0 76.0 60.0 362
g< (»)
(elastic recovery of 1 x 1 rib fabrics, in tha wal«#-r1se d reet on, firm
(a) 2/l~V/54 *’7 fkl m- y»m$ C. . 5" 9*'9 We. of end' ■ 5
fb> tftofM "5? » de. • C. • 31.5', - *©. - • 4







niKcecry. ' i-ead , 
1st Gyc, 4tfc rye.1st aye. 4«i eye. 1st eye. 4 th cyc .
f/ic '54 10 &.0 52.0 ?p.n M.O 150 142
20 6 5 .0 m\,e 257 210
!• pf.3 50 £4.0 54.7 06,7 &.n 557 5"9
40 65.0 5«*0 74.9 68.0 no
r) 50 66.0 sr.c 72.0 66.0 640 540
2/70.54 10 52*0 40.0 "%0 "2.0 96 "5
20 • 5P. 40.0 -f* .• < • 174' -56
d.p.f.2 50 6-. • . 7" .7 .7 245 210
40 Sf.O 5r.o 74." - . 520 525
(P4) 50 & Z 52." 1.2 62.4 5CC 425
2 '7V10 10 6 »o %.0 92.0 Sf.0 125 110 -
7P 6.0 44.0 7( ■• 0 C .0 105 16-
d.p.f. .5 50 56.0 5 %o 74.4 510 270
40 D.0 ^.0 60.5 y.o 410 550
(?5) 50 6 . 4%e 7 .4 6' . J 610 510
26 (t)
(Mast 'a recor©ry of I * 1 rib fobrlas. In th# ealae's* 41 reetlAn* frm
(i» 2/1 ‘34, T" f-1’* •*< t ntm, C. , 3C.«'-, * • Of «4 s » 3
<b) 2./7C 4, , - a • - r.r. 31.0 . - do. - 4
(c ' ?/7 2 , •— 4o« » • . 27.6’» - to. ■ 4
;?s»- SKUUC® FAB' C)
Yam
Tamer
xU,< leMdOatc Bnatl© rccoTry <
TOal cl net© 
mao wry , leaA a '
It eye* 4 th eye. 1 et cya. 411 aye . 1«t aye. 4^ ctc.
aAon/34 m «.0 6 .0 96.7 O’? A 112 107
20 tf .ft 64.0 96.0 •■ ICC 174
4«p«f. 3 50 73.3 66,7 *6.7 *n.5 30C m
40 r*.O 7%0 *5.0 420 102
(M) . 50 7-.0 A%4 *5.2 7/."* *70 48S 3-
7/T'SH 5 G . - 60.0 s .e <M;s rt. v SO ea
10 6 ' .0 ■ 9 '.0 — / A ' t. et*
A. f • 2 15 *f .0 f<3.1 *«•? r?. I 122 m
20 ff O M. 0 90.0 '5.0 ISO 130
(M) 5‘0 65.3 . ? .'tf.7 "*.7 227 2>";
40 71.0 67.5 "1.0 74.0 ■20 ?4K i
50 72. C <5.2 79.2 71.2 405 540
2/7© *23 5 EG 3 m.o 9 . 0 a & •■ 57 53
m 72.0 '2.0 90.0 B.O 73 73
d.xw T. ■ #9 15 7|.7 7%7 07.0 M.3 1?6 112
20 7B.0 7".0 ea.o 74.0 16n 14
(75) 30 7< .7 64.7 OC.O 73.5 230 210
40 7T.0 66^0 ni.O t;.o !25 2P5
45 72.4 f®.0 M,9 "S ". V . 7 335 355
50 7’ .4 12.0 -0. 3 ^.2 465 410
>
< •
 TABT7 26 (c)
(elastic xacovery of 1 x 1 rib fabric;), ia the mle-wlse dl root Ion, frrra
(a) 2/10 ,34, OP? fal ia twlnt j»m, C. <• 30.8 , Ho. of endi ■ 3
(b) 2/70/34, OPT " " ", c.ri. 31.R> " " " -4










1*31 eye. 4t* eye®
7 On fl yo®
1st eye. 4th eye. 1st C"C. 4 th oyc.
3/100/34 5 6.0 68.0 98.0 96.0 OR 96
10 7r'.O 58.0 90.0 96.0 136 1’3
d.p.f.5 20 68.0 *2.0 90.0 7 .0 230 212
30 75.5 66.7 83.2 76.0 327 300
(F3) 40 73.0 67.0 82.0 76.” ?40 3»5
• 45 73.3 67.5 82.2 76.0 523 460
50 74.d 68.8 82.8 76.8 620 540
2/70/34 5 80.0 72.0 96.0 °2.0 92 85
10 72.0 66.0 98.0 96.0 127 125
d®p® .2 15 70.7 5.5 97.3 96.0 167 160
20 7 .0 66.0 86®0 80.0 205 187
F4) >0 75.3 68.0 84.0 76.0 250 252
40 75.0 <6.0 00*0 72.0 310 275
45 75.1 69.0 81® 3 74.0 560 332
50 73.6 69.6 82.4 76.0 w 405
2/70/20 5 04.0 0.'. r 90.0 98® 0 80 78
10 76.0 2.0 96.0 96.0 122 120
15 70.7 73.3 97.0 94.7 167 143
20 72.0 66.0 82.0 76.0 190 175
30 70.7 68.0 85.3 02.7 292 27n
40 77.0 70® 0 85.0 02. O 382 342
45 73.3 82. 2 77.r SCO 4*0
50 75.2 •»2.0 60.8 77.4 800 510
y- g' (r
la-tic ncor< 17 of 1 x 1 Hb fabric^ In t‘ e wal e»w1 e d 1 rep * ’ c«t f \
(a) 2 1 - /54 
fb) 2 70/54. 
(c) 2^7 ? ,
dry treble









cf en.- « 4
r‘ f • ’ ?<
d f**b rl c 1
> tw; of end» ■» 4
rr !ntr e elniV c
Yam xt « | -eernrr »y t •eererv. ’ OA* ,
denier 1 t e;Y5. 4 V' rre. 1" t r*x . 4 fcb rr c • 1 . ♦ f* e & t eve.
2 I-V'/M 5 at.o 76.0 06.0 p2.0 "IP 116
in .0 72.0 9£eo n?.O Iff 157
d ' • 1 20 74.0 7 .0 ■ 0.0 ?.O ofi? 242
30 75.5 68.0 54,0 0 *50(y?> 4* 72.0 6«.O 76.0 ’l.r 515 4r5
45 74-7 69.0 4.2 fi»c 5^5
50 75.fi 72. ’ 80.0 75.6 770 ££5
2<W54 5 04.0 76.0 c€.c 92.0 lU 115
10 ae.o 76.0 *e.o of. •' 152 150
• p« f • 15 66.0 92.0 ^.5 182
fw)
2'J <6.0 rfl.O 64.0 7^r 235 222
5* fie.o 58.7 '•’8.7 73.3 317 2*5
40 68.0 59.0 E‘ .0 72. 42n 575
45 <8.0 64.0 7(5.6 1.5 540 4T«
50 <e.8 6 .8 77.6 60.6 f «i* -J 520
2/70/20 5 fie.0 f . oe.o qf.o 110 11 f
10 fi'.O 6 .0 98.0 nfeO )<4
d. p. f • •5 20 62.0 54.7 90.0 Rf.O ?V 230
<F5)
*< r .7 62.7 $?.o "6.7 395 350
4 65. a.7 7f.5 6.6.0 40. 4 5
45 re.o 58.2 74.2 <5.5 Mf /fC
50 fie.o 6 .0 74.8 <70 ’$5
f’la:t!c rtwwy nf 1 x 1 Kb fabr*c,t in t'r direct:ont frow
(b' 1 15'5 4 ’ yarn* £• • &T w' ’ » 4











’ n ,5 f <« 
* c*-e.
r •
*♦> cyr,l«it eye. 4t>’ ere.
1/15«/5O 5 6P.0 f. 92.0 ee.o HO VP
10 6f.O 52.0 94.0 ee.o T5 V5
• p. . 7 15 c 49.5 re. 5 06.7 25K 275
20 6P.0 52.0 fif.n f$.o *27 ?*>0
(T5) 25 56.4 ze.n rr.» 76.0 425 5^5
30 5B.7 49.5 73.5 62.7 472 4-5
4C 62.0 52.0 75.0 64 .0 690 575
45 <5.5 52.9 75.5 62.2 650 <9C
50 64.0 53.6 •M.4 6f.* 1010 F50
1 '2 5/34 5 <95.0 52.0 99.0 134 150
10 64.0 5^.n pfi.n •P.o 217 195
(? .p. • . ' 20 65.0 56.* PF*O .0 375 52
30 64.0 53.5 7^.3 <7.5 670 5f
(?2) 40 <7.o 55.o 75.n 64.0 050 720





eacrery of 1 x 1 rib fa> ’o , <a t mliwr’e d<)*cVcnt fror;
16 « n« of «nd rs • 4
16 9 c»a of* «?n3*« » 5





y*n»» c. . 
yarn, C. .
Yam X'.» e 31 at* clast'e "^tfl pin-to
<* "ec<w* ty « merv ?♦ ! 0*f? fl*t CJTS • A tb eye • l?t eye. 4 *■ c*c» 1 «?t ffT . Jtfc eye.














<73) 2’ 62. 0 52.0 76.o 64.0 3M2 25550 6'.1 f/'a * 77.5 GQa* 425 '62
40 70*0 6’.0 72. 720 590
45 62.2 < . 75.1 7.1 €40 700
5" 60.0f- f . 79.1 fo.6 1170 040
1/2 5/M 5 60.0 6 .0 •■?. BB.0 r3 77
2 fif-.r .0 M<0 129 114dsp«fef 15 &>.n 6 en ^7.0 76.0 215 1*5
(72) 2A €8.0 6 .3 F2.0 74.0 295 ?5525 €0.5 65.2 *2e4 76. 4 7 r5?
, r 66.7 6 . ec.n 7 .7 5-f 42^
55 60.7 1. > 70.-5 7.3 6?n MO
'3. . . v e.o € .?«• r.o 72. C M no
-L-12 (cl
( iftit'c reew*ro rf 1 x 1 rib fafcrde-— 'r t*e •>' •« diroct —- , fro*
(a^ 1A5’"V T-xt mH»d y*™> . . IfX, So. of end* ■ 4 
(b) 1/2 5 . '54 f " , c. . l^t - * * » %









7 - tm^, 4. cyc.
Hour1 •
lit eye. 4tb eyc. Itt ryc. 4t0 -ye.
1 A 50 40 5 'T.0 2. 1C2 96
10 64.0 56. ■■ a#.o A.0 1*2 125
f.p.f.5 15 66.5 9*.‘ 7R.7 6m :#n - -
20 c. ' 56.0 77.0 ro,c 240 212
(T3) 25 59.2 7U2 ?10 270
5- - 64.7 5K7 '2.7 7 ,C 385 537
55 fe. o 6C.0 m.o 66.0 fao 520 .
40 7 .0 60.0 7tV 6e#o 620 520
50 72.0 68.C *5.2 74.4 ego 745
1'? i 5 34 5 6<.0 60.0 9.o 92.3 Hf 11"
1. . .0 / jg " <#.0 92.. 1*B 172
d. p# * .6 15 6.3.5 62.7 e6.7 4.* 24 215
2 62.0 5^0 fM.O ge » n 525 2f7
(?2) 25 64.B 57.6 >4.0 f ‘ •> 415 563
y- 71.3 69.3 83.3 7(. .60 4»:
"5 71.4 67.0 m.7 o/.4 62 500
4 71.' 50.0 6ft.r 55.
45 fo. 64.4 ?7.a 060 723
50 ?.8 «».O r.2 7 .4 1N@ 0*0
TABLE 27 (dV
(Elastic recovery of 1 x 1 rib fabrics, in the wale-wise direction
(a) 1/150/50 Textralized. yarn, C.R. 16%, No. of ends = d
(b) 1/205/34 , C.R. 16%, No. of ends = 3
_______ dry tumbled fabric)_____________________
from
Yarn Ext. , Immeddate elastic
denier % recovery, %
Total elastic 
recovery, % Load, gm.
1st eye. '4th eye. 1st eye. 4th eye. 1st eye. 4 th
1/150/50 5 92.0 88.0 98.0 96.0 124 120
10 80.0 68.0 96.0 94.0 196 185
15 65 . 3 %7.3 - — 25 7 220
20 68.0 60.0 82.0 72.0 372 322
Cb> 2% 62.4 52.0 72.0 62.4 44 0 360
%0 365—3 56.0 76.0 6S.3 560 470
35 6®.r 50.9 •7a,3 68.0 700 550
40 67.0 6-0.0 77.0 Cf.o Ln°
45 6?.l 6A.E 7C.0 60.0 ! 15









































 TABLE 28 _[a. 1
/Elastic recovery of 1 x 1 rib fabrics, in the wale-wise direction,^knitted
(a) 2/100/34 false twist nylon yarn, C.R. 12%, No. of ends = 3 
(b\) - do. - , C.R. 19.8% do. =3





Ect. , Immee;iate elastic Total elastCc 





1st eye. 4th eye. 1st eye. ztth cyc .
12.0 10 /1.0 4B.0 98.0 96.0 174 168
20 60,0 60.0 87.5 82.5 285 255
(pi) 30 61.7 66.7 76.7 71.7 4‘O 4 00
40 60.0 53.8 75.0 67.5 62iS 540
50 61.0 60.0 71.0 68.0 860 73 0
19.8 10 76.0 64.0 Q2.0 86.0 146 135
20 60.0 68.0 86.0 78.0 ■? .197 180
(F2) 10 62.0 68.8 88.7 80.7 < 320 290
40 65.0 69.0 80.0 75.0 420 370
50 67.0 56.8 76.4 67.2 775 650
30.8 10 60.0 52.0 88.0 84.0 150 14 2
20 60.0 50.0 80.0 75.0 23 7 218
(P3) 30 64.0 64.7 86.7 80.0 337 305
40 66.0 69.0 74.5 68.0 465 410





nN»CTM»ny #f 1 i 1 rib fabric -, la tbe wal *>•»;’* dl’.otiet, 
knitted f*t>
(a) 2Z1* 54 falae tor «t eylen rwnf C. « 12', *■'<?. ef r- • 5
(b) - 4*. - c. . 19.8 fie. • 3
<•) - do. - . . . .5
stea*» ^e) exert fabric)
Crtep eaedlate eleitio 7>*e1 el**t?e
rlnddlty »t. , jweor*"-*t ^cnyr *y , ’ entrt, «.












50 6C.7 <9.3 •e*e T• ’ 6".’ "72
40 65.0 62.5 1. 64.5 405
5r 7 .4 6P.9 7* .4 71.2 672 559
19. e 10 <e.o M.o /*.o 72.0 86 ea
(?2)
10 ’ 6.0 62.0 84.0 72.0 166 ’45
50 73.5 M.n 70.0 72. ’ 275 242
40 74.0 ««.□ P2.0 r f*» <>5 38#
50 rz.o f%0 ' 5.2 •r.6 570 495
5- • $ ic» 64.'■ < .0 %.C 92.0 P2 1C?
(F3)
20 60.0 64.0 •'. '90 174
30 ?3.3 .7 Pl.5 x *J* 767
<o 72.0 7 • *2. 42* •02
50 rta r > **• 74.0 570 489
( la* tie recovery of 1 x 1 rib fabric •» la Wx* wale—wire dinect or.f 
knitted fro
(a) 2 1*> /34 false tw:*t rylon rnmf 3. • 12't '■*». ef end? • 3 
(b: - de. - C. . 19.8 £©. - 3
<4) - <!o. - C.”. JC.F' . 3
stews ▼wlawerf furls'
Crimp T'we^fate elewtlo *>tel elastic
rlsddity recore ??> me^re *y f lo«dt wi.
















(VI) 50 te.l a.3 7^.3 zce» .JCV *72v w*; 40 £%0 62.5 1. £4.5 409 ’X9















(p») 50 73.3 «4.e 30.0 72.0 279 242
40 74.° 68.0 °7. 5.5 <>3 >B2
50 72.0 fft.0 *5.2 73.6 570 499
3( .8 lo <54.'* f-'.O os.A ^?.O >12 1"?
(P3)
JC ■'t .0 64.0 06.3 92.0 190 174
30 73.5 ?'.7 rw;e3 nl *♦ 5 \ ?67
40 72.0 7 • ‘ •-n » n2.* 47^ *&
50 *5.6 .» A• ’M.O 570 489
 M <«■






54 false ttri it cylon ywm- r. . 12 ,
. .
r to"









Crlep £r*wd h > et»’ el n tic
rigidity %tv, 7ecov*ry> recovery* • p» 41 m.
«4 1 wt «y©e 4 th cyc. “t **ye, • »> eve. 1 t cv**. •tu eye.
12.0 5 fft.0 6 '. ' Of.O 92.0 on 9^ ’
(Fl) .
10 6' ." 56.0 ef.O 9?.' 50 140
IS - 6 .0 54.? 72.0 ftft.7 172 ■•€«
• - 20 7 .o ft . 76.0 68.0 250 205
50 68.0 £ . 76.0 ■ 7 e*’ 550 ?90
40 69.0 <5.o 77.0 72.0 442 385
45 71.5 62.7 76.9 69.e 550 455
57 7< »4 68.0 ”8.4 7 .4 515




1 74.0 <4. 94.0 92.0 16 , 995
20 7**O 7 . «M.O 9<.O 172 154
30 74 .X fx. ftl.3 7 .4 25- 215
40 74.0 <8. a 65.0 79." 5«7 537
5- 72*0 6e.o ft .ft 7%ft 495 410
3 .« 5 76. n 68.0 9%o Qft.0 ae a<
(P3) 10 7 <0 56.O 98.0 Of. ) 136 V3
2 6ft.0 62.0 70.0 250 21?
3 73.3 66.7 83.3 -ft.o Tr7 tpn
4 7’.3 <7.0 82. 74.o 44H
45 73.3 07.5 <2.2 76.0 r25 4<0
50 74.4 ■'r.p ft?.8 T'.f £2 54^
“Ca3lE t-% (
, *» « oi x x x rih faT'rtCMf *n wn^.w^ic <5«r»
a' 2 'I ' 34 falie *>' t nylm yam, C. . 12* r. nf ' »
"e. - * C. . . . - - 3
(c) - 4o. - t C. . F.**-<?>. • -5
diy fabr'c'
CrVsp yp^lata «*ln»tte ©Tr *t1cri ' * ty xt., rceeNrcsy* roeer^’w, ’r\ —•
< 4 1st CMC. 4 th CJC. 1*t eye. 1 't eye. 4th cze.
12<0 5 84.0 68.0 f.o $2.0 V4 r?
10 60.0 5G.C r2. &f. 170 162
(n) w 62.0 54. MS.1 6 . 270 245
25 . 56.4 B4.C 79.2 557 ?*)
50 6S.7 tt.5 4 CO 5«5
40 67.0 6 .0 ”9.9 ’2. 5«5 490
50 7 .0 £ .0 76. R 69.2 790 650
V.8 5 M>o 8 ’.3 J%0 96.0 1C4 1 2
1C 76.0 72. 0 9f>.0 «)6.7 147 144
(F2) 2? 7<.O • 00.0 * . 7 252 250
50 7f.O *1.3 fZ.9 77.3 570 320
40 7?. a 67.5 re.' n.o 4RO 41 *















(F5) 2n 7 . 7‘".C f*?.O 72. 262 242
50 75.3 68.0 M.O 0 • 7Q2 350
49 72.0 6e.O 76.0 71.0 515 455
45 74.7 <».O R9.4 7422 foe SO*
50 73<f 72.9 flf.O ' 73.6 T*0 66*
r
    
 
"»?! •• 2* 'a)
recover? of 1c 1 rib In tbr w V-.v*.e direct *0. f -ms
(ft) 1 ' O/?* *>xt’>H«d mm (ataffcob x b >• of erta • 6




zt., ’»-©dM te eleetic
mcorciy#
Total elastic
recov-^f e‘ T md, mm
1 4t c^c. 4 th cto. lit eye. 4 th cm. lit OTC. 4th eye.
1/7p/2^ 5 5< * 50.0 90. 0 96.0 69 65
Tinr tm lsed 10 59.0. 40.0 98*0 92. 92 87
(n) 15 <C. <6.7 09.5 86.7 V 0 120 136r 54.0 42. 0?.0 sf.r 154 136
?5 fr'.A 45.6 76.0 49.6 l<4 156
30 5C.7 4M T .7 5/.9 23P 18535 C'.f' 4*7 6A.6 57.7 ?c* 25"
4> o.~ ?»•* 75.* 63." 562 312
45 5%2 51.1 72.9 <1.8 4X" ■ 350
50 5%0 4&.0 68.0 5F.8 8*0 410
9AW/2P 10 60.0 52.0 *v* 76-0 82 70
Fb* # tel.it 20 5G0 52 0 ey.o 00.0 *36 102
( 55 ) 50 57.* =3.3 72. E f‘.3 1*7 170
40 ff.5 5%0 7- . 07.0 360 510
50 < .8 r/i <■ 7 .< 06 4 25 no
w? go (Y
frlnsW* "ecwfrY of 1 » 1 -'k fthrio , tn »»*■ w 1«-«< •* •'* »r f—, *
fa) 1,670/20 Text -al <»«<! r»na ( nr 1 Iiw I) .




^ct. f ’p5~<?d1*te olftifcte 
iweor* vt
Total «*I «♦» t C 
swear ^yf
1 1 eye. 4 th eye.
. !jW.
1st cyc* 4th aye. 7 t ot • 4th CYC.
1/7A/2C 5 72. 6 .f ^2.0 ftfc.O 31 28
*'>Tt isJ *«- 10 fo.o 6?’.o *4.0 72.'k 535 48
cd 15 (> .0 52.0 Pl .3 68.0 75 66
fn) 2 €-3.0 56. ft #.0 66.7 106 96
25 *4.8 55.6 -6.0 64.e 129 115
>r 63.0 57.3 0 .* 70.7 180 160
55 67.0 63.0 77.0 ee.o 255 208
4" 6f. 60.. ' ■’R.fl 69.0 267 230
50 7%0 *?.o m.2 73.* 48r 410
2/TO/20 5 76.0 <fl.O O2.n FM.7 ’2 29
?abe in cp.n 64. *2.0 on.0 50 47
twt ft 15 ~r.5 6 .0 w.o 70.9 70
fn) 20 7 .'■ 60. o «?.n 75.0 ^2 -5
30 70.7 63.3 M.O S'.” 740 126
55 A».l 61.« *>•1 7f.* 160 145
40 7<VO 65.0 fi." 71.5 r»2 '85
50 72.0 65.0 -1.2 74*0 2’5 255
•»;y (e^
P’l- Hie mcevety of 1 x 1 rib frbr’e?, In V* rale-a'** *1 -*e«t<o? « fw
(a) 1*7' Tertmlifted y»m (^feifforwh t tajlker?) t o. ef n ■ » z
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